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Babesia vaccines 

The Invention relates to Babesia proteins of a 28kDa protein family and to immunogenic 
firagments thereof, to nucleic adds encoding such proteins, to cONA fragments, 
5 recombinant DMA molecules, live recombinant caniers, and host ceils, to vaccines, to 
methods for the preparation of such vaccines, to the use of such proteins or ftagments. 
and to diagnostic tests. 

1 0 Babesiosis, like malaria, is a disease, which has a geographically focal ocojrrence. The 
reason for this Is that the pathogen is transmitted by tides that feed on a certafai reservoir 
of parasites present In a vertebrate population. Only where ticks are present. Babesiosis 
can occur. On balance, particularly In indigenous animals, the parasite coexists with the 
host without causing significant disease. In many cases Babesiosis becomes a problem 
1 5 because of man's activities through Inbreeding of genetic traits and/or transporting 
animals to unfamiliar environments where Babesiosis is endemic (Callow, L.L. and 
Dalgliesh, R. J., 1982, In: ''Immunology of Parasitic Infections", Cohen, S. and Warren, 
K.S. eds., p. 475-526, Blackwell Sctentiflc). 

Babesiosis also holds a threat as zoonotic agent, not only to Immunocompromised 
20 humans (Gray et a/.. 2002, int J. Med. IMicrobloK, voL 291 < p. 1 08-1 1). 

Signs of disease in naturally acquired Babesiosis usually begin 7-21 days after * 
infection. These symptoms include: fever, anore^a, depression, anaemia, 
haemoglobinuria and rapidly developing weakness. Increased lacrimation, salivation and 
muscle tremor commonly occur. Nervous signs may develop in terminal infections, and 
25 deatii may occur when ttie disease Is left untreated. Qaagulation disturbances lead to 
increased erytiirocyte-stickiness. Thrombosis Is not common, but small hyaline thrombi, 
connected wiQi megakaryocytes have been described. As a result the blood passage 
through the mtcrovasculature is hampered, resulting In congestion of intemal organs and 
decreased packed cell volumes (PCV). This might Impair tiie oxygen supply to certeln 
30 tissues and subsequentiy lead to tissue damage as a result of ano)da. 

Species from the Babesildae have now been detected to infect most mammalian 
species of veterinary importance (Kuttler, iCL, in M. Ristic ed.: '^Babesiosis of domestic 
animals and man". CRC Press, Inc. Boca Raton. FL. 1988): Cow (B. dlvergens, a bovis, 
B. b^gfemina). Swine (S. tmutmanni, B. perroncttoQ. Sheep {B- ovte, B. motasf)t Horse (S, 
35 equi, B. cabaffi). Dog (S. can/s, B. rossi, B. VDge//)> and Cat (B. fells, B. cbU). In all these 



10/07 '03 21; 59 PAX +31 486 58 B287 INTERVEa" PATENT DEFT 



009 10.07,2003 21:57:39 



2 



spedes death or more or less severe economical losses (reduction In qualify or quantify of 
meat, milk, wool, or o^prtng), or severe reduction in well being are caused either as a 
result of the Babesia infection directly, or through facilitation of secondary infections. 

5 Medications e}dst to cure an estabfished Babesia infection, kxr instance dogs can 

be treated with imidocarb dipropionate (commerdaily avaiiabie as Caibesia (S>) (Brandao 
et ai, 2003, Vet Paras. voL 114. p. 253-265). However such an irjecUon is palnftd di» to 
tissue irritaton. Further it suffers tiie common drawbaclcs of such anfl-parasitlcs: ttie 
prevention of a build up of immunological memory, potential toxidfy, and build up of 
10 resistance. 

It has been shown that Babesiosis can be controlled by vaccination with live 
vaccines (Pipano, 1896, Vet. Paras., vol. 57. p. 213-231). Such vaccines are produced by 
harvesflng erythrocytes from infected animals. For some but not all Babesia species bt 

15 vfln? erythrocyte cultures have been developed, to Increase the number of parasites. The 
infected erythro«grtes from the animal or the cultures are then used to vaccinate animals. 

General disadvantages of such live parasitic vaccines are that the inoculation 
material is largely uncontrolled, highly variable in Its composition, biologically unsafe, and 
on the whole the process is unethical through the use of a large number of experimental 

20 anbnals. Addiaonally. Babesia parasites are very unstable; as ttiey are strictly anaerobic, 
they must be kept away finom oxygen or will die quicidy. 

Altanatlveiy, not the parasite-infected eiyttiroqrtes themselves are used for 
vaccination, but the surrounding semm. or culture supernatant Such sunoundlng liquids 

25 of infected erythrocytes contain so-called Soluble Parasite Antigens (SPA). Uttle is known 
about the composition of these preparations. It has been suggested that the protective 
activify is due to the Immunising capacify of antigens of the merozoite surface coat in the 
semm or medium, a strocture that is left behind during the process of invasion of the 
erythrocyte (RJstlc, M. and Montenegro-James. S., 1988, In: "Babesiosis of Domestic 

30 Animals and Man". Rlstkj, M. ed.. p. 163-190, CRC Press), In addition, during in vtbo 
culture a number of parasites die, thereby (internal) parasitic antigens are released Into 
the culture medium. 

Such SPA preparations are capable of inducing an Immune response that, 
although not necessarily affecting the parasite, sufficiently reduces the clinical 

35 manifestations of infection (Schetters and Montenegro-James. S.. 1996, Parasitology 
today, vol. 1 1 , p. 458-462). For Instance SPA from culture supernatant of an fti v«ro 
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culture of Babesia cante parasite infected erythrocytes Induces protecHve immunity 
against homologous challenge Infection. 

An SPA vaodne for Babesia canis Is available commercially as PIrodog®, and is 
prepared from the supernatant of a culture of a sfarain of Babesia canis fdesc^lbed In US 
5 patent 4,777,036). However, such a vaccine gives In general little protection against 

infections with (wild type) a canis (Lepefrt, C„ 1988, "PIroplasmose canine et vaccination 
Pirodog", Doctoral Thesis, Univ, of Nantes). 

In general, SPA based vaccines bear the same disadvantages as ttie live parasitic 
1 0 vaccines do. In that they are largely uncharacterlsed, highly variable and require many 
precautions to be biologically safe. Additionally the production of such vaccines Is very 
difficult to scale up, as that requires the InfacOon, housing and harvesting of experimental 
anlmais to provide parasites, erythrocytes, and/or serum. 

15 It is an object of the invention to provide proteins or fragments thereof that can 

serve as effective subunit vaccines for Infection with Babesiidae, that are well defined, 
safe, stable, with easily scaleable production. 

It was surprisingly found now that a subunit vaccine comprising a member of a 
novel Babesia protein family; the 28 kDa protein family, as well as immunogenic 

20 fragments thereof incorporate all these advantageous characteristics. 

Many disadvantages of live parasite- and SPA vacdnes can now be overoome by 
the use of a member of this novel protein family or of Immunogenic fragments thereof in 
protein subunit vaccines produced in an expression system; such a protein is highly 
defined, biologically safe, the product can be stabilized much better than whole live 

25 parasites, and its production can be easily scaled up 

Proteins of the novel 28 kDa protein family are charactertzed in that they all share 
a specific amino add sequence that Is very well conserved amongst the various members 
of said fanrdiy. 

30 In spite of the presence of this weI(-<:onserved amino add sequence, the overall 

length of the proteins of the 28 l<Da protein family may well be different in the various 
members of the family of Babesiidae. Examples of members of the 28 kDa protein family 
are found to have a length ranging from below 26 kDa up to over 40 kDa. 

Members of the 28 kDa protein family however all comprise a stretch of amino 

35 adds that has a level of homology of at least 70 % to the amino add sequence from 
amino add position 17 to position 180 in SEQ ID NO 2. 
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Merely as examples. In French Babesia canis Isolate A, members of the 28 kDa 
family according to the Invention, and further referred to as Bc28.1 or Bc28.2, were found 
to have the anino acid sequence as depicted in SEQ ID NO 2 or 4 respectively. 

The proteins of the 28kDa protdn family are expressed fi-om their respec^ve 
encoding sequences that are members of a 28 IcOa multigene family firom Babesildae. and 
have a high level of sequence identity at the nudeic achl level. 

The proteins of the 28kDa protein family can be detected in infected erythrocytes 
by specific antisera. These sera recognize these specific proteins of the parasite also In 
Western blotting and immunopnaclpitation experiments. Both proteins can be expressed in 
an expression system. Proteins or their fragments, expressed in this way can be used to 
fbmiulate a subunit vacdne. which protects mammalians from (signs of) diseas » upon 
infedion with species of Babesildae. 

The Bc28.1 protein exists In two forms; a ftee 26 kOa SPA form, whteh iL present 
in Babesia Infected erythrocytes and in their sumoundlng liquid; as waH as a 28 kDa bound 
protein form that has a GPI anchor, and is associated with the membrane of thf t Babesia 
merozoite and to the outer membrane of the infected erythrotyte. 

Because Babesitdae parasites spend most of their live hidden inside th«i 
erythrocytes, thsrefore an immune-response is most effective when fbcussed cn antigens 
that can be 'seen' by the immune system. The 28 kDa form of Bc28.i is such a n antigen 
that Is presented to the exterior, virhich allows an Immune attack spectflcaliy din jcted to the 
infected erythrocyte. The 28 kDa fonm of the Bc28.1 protein binds to eiythrocyt »s. TOs is 
indicative of a role In the agglutination of eiythrbcytes. As this prodass is a maj< )r cause of 
pathology and the way parasites infect new erythrocytes, interference at that ie vel also 
provides effective Immune Intervenflon In disease pn^resslon. 

Therafore. one aspect of the invention relates to a Babesia protein, characterized 
In that said protein comprises an amino add sequence having a homology of e t least 70% 
with the amino add sequence from amino add positton 17 to positton 180 In SEQ id NO 
2, or an immunogenic fragment of sakS protein. 



35 



In a prefened embodiment, the Babesia protein according to the 

characterised in that said protein comprises an amino acid sequence having a 
of at least 70% with the amino acid sequence In SEQ ID NO 2, or an 
firagment of said protein. 



invent on is 

homology 
immunodenic 
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In another pretend embodiment, the Babesia protefn according to the invention is 
c*iaraclerlsed In that said protein comprises an amino acid sequence having a homology 
of at least 70% with the amino add sequence In SEQ ID NO 4, or an immunogenic 
fragment of said protein. 

5 

In a more preferred embodiment, the Babesia protein according to the invention is 
characterised in that it is Bc2d.1 protein, preferably in the 26 kDa or In the 28 IdSa fbmn. 

In an another more preferred embodiment, the Babesia protein according to the 
invention Is characterised in that it is Bc28.2 protein. 

10 

The term "protein" is meant to nricorporate a molecular chain of amino acids. A 
protein Is not of a specific lengtii and can. If required, be modWed In vivo or In vitro, by, 
e.g. glycosylation, amidatfon, carboxylatlon or phosphorylation. Inter alia, peptides, 
oligopeptides and polypeptides are included within the definition. A protein or peptide can 
15 be of biologic and/or synthetic origin. 

A ^'Babesia protein" according to the invention Is a protein which has a counterpart 
In an organism of the family Babesiidae. 

Preferably the organism of tiie family Babesiidae is an organism selected from the 
group consisting of tiie species Babesia dtvergens, B. bovia, B. motasf, A cabalff, B. equh 
20 B. canls, S. fossf, B. vogefl, B. falls, B. ca0, S. oWs, B. trautmannK B. blgemina, B. microU^ 
and B. gibsonh 

More preferably the organism of the family Babesiidae Is selected from the group 
consisting of the species Babesia canis, 8. rossi, B. cabatti, 0. aqui, B. bovis, and B. 
bigemlna. 

25 

An ''immunogenic fragmenf Is understood to be a fragment of a protein of the 28 
kDa protein family that still has the capability to induce antibodies directed against such 
28 kDa Babesia proteins. 

Preferably an immunogenic fragment of a protein of tfie 28 kDa protein family 
30 according to the Invention comprises at least 8 amino acids taken from the amino acid 
sequence of SEQ ID NO 2 or 4. IVIore preferably such a fragment comprises 1 1 , 15. 20, 
30, 40. 50, 100, 150, or 200 amino acids taken from tiie amino acid sequence of SEQ ID 
NO 2 or 4, In that order of preference. 

Preferably, an immunogenic fragment of a protein of tiie 28 kDa protein family 
35 according to the invention conteins an epitope of such a protein. For instance an 

immunogenic fragment of a protein of the 28 kDa protein family according to the invention 
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Is formed by a part of the protein that lad<s Ihe N-temninal signal sequence and/or the C- 
terminal GPI anchor sequence. Other fragments are for instance those comprising a 
speciflc epitope from a proton of ttie 28 kDa protein family. Such epitopes may be 
determined by the methods outRned below. Alt these immunogenic ti^maits are 
S embodied in the invention. 

An epitope Is understood to be that part of an antigenic molecule to which a T-cell 
receptor wW respond, or to which B-cells will produce antibodies. An epitope aocoitlfng to 
the invention viriil therefwe Induce specific T-cells or activate B-celis to produce speciiic 
antibodies sudi that these cells or antibodies give rise to an immune reaction that 

1 0 interferes with the course of an infection or disease. Thus, through such epitopes, an 
immune response can be generated. 

In orderto be antigenic, an antino acid fragmente need to be of a certain length. 
Therefor an ei^pe conslste of at least 8-11 amino adds for IWHC I receptor binding, or 
of at least 11-15 amino adds for MHC II receptor binding (reviewed e.g. by R.N. 

15 Germain & D.H. Margulles, 1993, Annu. Rev. Inmnunoi., vol. 11. p. 403-4S0, in: "The 
biochemistry and cell biology of antigen processing and presentation'). Annno add 
fragments shorter than this may not be antigenic as sudi: they need to be coupled to a 
carrier, such as KLH, BSA or the liJce, using techniques loiown in the art When coupled 
such short fragments may well be able to Induce an immune response that is wthin the 

20 object of the invention. 

Identificaaon of immunogenicfTagments or epitopes of a protein of the 28 kDa 
protein femily aebording io the invention, can be easily pefffonned by a variety of 
stralghtfbnward tachnlques, for instance by the so-called PEPSCAN method, or via 

25 computer algorithms that make comparisons to known epitopes. 

The PEPSCAN method (WO 84/03584. and WO 86/06487. and H. Geysen ef a/., 
Proc. Natl. Acad. Sd. USA. 1984. vol. 81 , p. 3998-4002, and J. of Immunol, meth.. 1987. 
vol. 102, p. 259-274), is an easy to perform, quick and well-established method for the 
detection of immunologic determinants of a protein. It comprises the synthesis of a series 

30 of peptide fragments progressively overiapping the protein under study, and subsequent 
testing of these polypeptides with specific antibodies to the protein. Such antibodies to the 
proteins according to the invention can be obtained by making polyclonal or monoclonal 
antibodies, by using techniques well known in the art 

The use of computer algorithms in the designation of specific prwtein fragments as 

35 the Immunologically Important epitopes on the basis of their sequertlai and/or structural 
agreement with epitopes that are known, Is also a well known technique. The 
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determination of these regions can be based on a combination of the hydrophllidty criteria 
according to Hopp and Woods (1981. Proa NaM, Acad. Sd. USA, vol. 78. p. 3824-3828), 
and the secondary structum aspects according to Chou and Fasman (1987. Advances in 
Enzymology, vol. 47. p. 45-148. and US patent 4.554,101). Immunogenic epitopes can 

5 likewise be predicted from the protein's amino acid sequence by computer with the aid of 
BerzofslQr's amphlphlllclly criterion (1987, Science vol. 235, p. 1059-1062 and US patent 
application NTIS US 07/005,885). A condensed overview of the use of these methods is 
found in Shan Lu (common principles; 1991, Tlbtech, vol 9, p. 238-242). Good etal. 
(Malaria epitopes; 1987. Science, vol. 235, p. 1059-1062), Lu (review; 1992, Vaccine, vol. 

10 1 0, p. 3-7), and Berzofsky (HIV-epttopes; 1991 , The FASEB Joumal, vol, 5, p. 2412- 
2418X 

An Illustration of the effectiveness of using these methods was published by H. 
Margalit et ah (1987. J. of Immunol., vol. 138, p. 2213-2229) who describe success rates 
of 75 % in the prediction of T-cell epitopes using such methods. 

15 

The percentage of homology between the proteins according to the Invention is 
detenritned with the computer program "BLAST 2 SEQUENCES" by selecting sub- 
program: "BlastP" (T. Tatusova & T. Madden, 1999, FEMS Microbiol. Letters, vol. 174, p. 
247-250), that can be found at www.ncbi.nlm.nih.gQvyblast/bi26eq/bl2.html. The 
20 comparison-matrix that Is used is: "blosum82", with the default parameters: open gap 
penaHy: 11; extension gap penalty; 1 , and gap x_dropoff: 50, 

This program lists the percentage of amino acids that are Identical as "Identities", 
and the percentage of amino acids that are homologous as "Positives'' 

25 For e9»mple, the amino add sequences of Bc28.1 and Bc28.2 are aligned in 

Rgure 1 . A high percentage of homology extets between the two proteins, espedally In 
the N-tenninal 3/4'^. The percentage homologies (the percentage of "^sitives" from the 
BlastP program) are presented in Tat>le 1. 





Amino adds 


Percen^ge 
homology 


Complete 


244 


91 


N-termlnal 


180 


97 


C-terminal 


64 


73 



30 

TaUe 1: Results of BlastP amino add alignment of Bc28.1 and 8(^28.2 proteins. 
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It will be understood that, for a particular protein of the 28 kDa protein family, 
natural variations exist iDetween the proteins associated >Arith individual strains or species 
of Babeslidae. These variations may be demonstrated 1^ (an) amino acid difference(s) in 

5 the overall sequence or by deletions, substitutions. Insertions, Inversions or additions of 
(an) amino add(s) in said sequence, Amino acid substitutions, which do not essentially 
alter biological and immunological activities, have been described, e.g. by Neurath ef a/L, 
1979, In: "The Proteins", Academic Press New Yorlc. Amino acid replacements between 
related amino adds or replacements which have occurred frequently In evolution are, l.a. 

10 Ser/Ala, Ser/Gly, Asp/Gly, Asp/Asn, lleA/al (see Dayhof, M.D., 1978. "Atlas of protein 
sequence and stoicture", Nat. Biomed. Res. Found.. Washington D.C. vol 5, suppL 3). 
Other common amino add substitutions include Asp/Glu, Thr/Ser, Ala/Gly, AlaA"hr, 
Ser/Asn. AlaA/al, ThnfPhe, Ala/Pro, Lys/Arg, Leu/lie, Leu/Val and Ala/Glu. Based on this 
Information, Lipman and Pearson developed a method for rapid and sensitive protein 

15 comparison (1985, Science, vol 227. p. 1435-1441) and detemilning the functional 

similarity between homologous proteins. Such amino acid substitutions of the exemplary 
embodiments of this Invention, as well as variations having deletions and/or insertions are 
within the scope of the invention as long as the resulting proteins retain immune reactivity. 
Those variations In the amino acid sequence of a certain protein according to the 

20 invention that sUII provide a protein capable of indudng an Immunological response 
against an organism of the family Babeslidae are considered as "not essentially 
Influencing the Immunogenicit/', and are an embodiment of the Invention. 

"This explains why proteins of the 28 kba prdtein family according to the invention, 
when Isolated from different species, may have homology percentages of 70 or more to 

25 the amino acid sequences In SEQ ID NO: 2 or 4, while still representing the same protein 
with the same Immunological characteristics, i.e. the capability of inducing an 
immunological response against an organism of the family Babeslidae. 

Proteins of Ihe 28 kDa protein family according to the Invention can be obtained 
30 from member species of the Babeslidae family* 

However In an even more preferred embodiment, the proteins of the 28 kDa 
protein family according to the invention or Immunogenic fragments thereof are 
characterised in that they are obtained from B. divergens, B. bovis, B. motasi, S. caba/ft 
B. equ/, a canls, B. rossi, B. vogeli, B. fells, ft caft fl ovfe, a tmutmanni, B. btgemina, B. 
35 microti, or B, gibsonL 
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Still even more preferably the proteins of the 28 kDa protein family aooordlng to 
the Invention or Immunogenic fragments thereof are characterised In that they are 
obtained from Babesia canis, B. mssi, a cabalU, B. equi, B. bovis, or B, bigemha. 

With respect to the current taxonomlc classification, the skilled person yfAW realise 
this may change over time, as new Insights lead to reclassification Into new groups or to 
addition to existing groups. However, as this does not change the protein repertoire of the 
organism Involved, only its classification, such re-ciassifled organisms are considered to 
be embodied by the Invention. For eseample a canls and S. nossl were formerly classified 
as subspecies B. canls canls and 8. cants /ossr. 

Siblnovic K., ef a/. (1967, J. of Paras., vol. 53. p. 919-923) studied isolated 
Babesia antigens from serum of horses infected with Babesia equl and B. cabaW, and 
from dogs Infected with B. canls. Significant similarities were noted In the biochemical 
characteristics of the antigens from these species. The Babesia proteins of the 28 kDa 
protein family according to the invention as obtained from B. canls vwll therefore also be 
present In 6. equi and B. cabaUi, and in other spedes of the Babeslidae family. 

In Example II, section 2.2-S. and Figure 11 the specific recognition of the 26 and 
28 kDa fomis of Bc28.1 protein from S. canls by an antlsemm against S. ross/ is 
disclosed. This Illustrates proteins of the 28 kDa proton family present in a ross/are 
immunologically related to those In B. canls. 

Bc28.1 coding sequences have been obtained from geographically and genetically 
disparate B. canls field isolates. The deduced amino adds of e few examples of such 
isolates are aligned In Figure 2. The percentage homologies determined by palnmse 
25 alignment using the BlastP program are presented in Table 2. 





Robin 


A8 


B 


34.01 . 


AB 


100 








B 


98 


98 






34.01 


97 


97 


98 




Castres 


98 


98 


97 


99 



Table 2: Percentage homologies of pafr-wise BlastP amino add alignments between tfie 
complete 8(^8.1 proteins from geographically and genetically disparate S. canis field 
30 isolates. Bc28.1 proteins were 255 or 256 amino adds long. 
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Therefore, In the most preferred embodiment the Invention relates to a Bc28.1 or a 
B(28.2 protein or an Immunogenic fragment of said proteins, characterised in that said 
proteins or immunogenic fragments are obtained from a B. canfs Isolate selected fronfi the 
5 group consisting of A8, B, 34.01 « A, Robin, and Castres. 

A protein named Bd37, from Babesia divergens has been described before (EP 
1050541 A1). At first instance Bd37 may appear to resemble the proteins Bc28.1 and 
Bc28^. However, Bd37 and the two Bc28 proteins are totally unrelated: 
10 - there is no significant sequence similarity between Bd37 protein or Its coding 
sequence, and either of the two Bc28 proteins or their coding sequences. 

- an antiserum against Bd37 does not recognize the 26/28 and 45 kDa proteins of B. 
canis that are recognteed by antibodies against Bc28.1 and 28.2 respectively, neither 
in Western blot nor in immunopreclpltation experiments; for instance an antiserum 

1 5 against Bd37"His protein does not recognize a GST-Bc28.2 protein (Figure 10, B, lane 
6)- 

- whereas both Bd37 and Bc28.1 are attached to the erythrocyte's outer membrane, 
Bd37 can be eluted off with 0.5 M NaCI, while Bc28.1 remains associated even at 
elutlon with 2 M NaCl (Example II, secttons 2.1.5.1. and 2.2.6.1.) 

20 

The prefenBd way to produce the proteins of the 28 kDa protein family according 
to the invention is by using genetic engineering techniques and recombinant expression 
systems. These may comprise using nucleic acids, cDNA fragments, recombinant DNA 
25 molecules, live recombinant carriers, and/or host cells. 

Therefore, another aspect of the Invention relates to a nucleic acid, characterised 
in that it encodes the proteins of the 28 kDa protein family according to the invention, or 
an Immunogenic fragment of said protein. 

30 

In a prefenred embodiment the nucleic acid according to the invention comprises 
the nucleic add of SEQ ID NO: 1. 

In another prefened embodiment the nucleic acid according to the Invention 
comprises the nucleic acid of SEQ ID NO: 3. 



35 
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11 

The term ^'nucleic acid" Is meant to incorporate a molecular chain of desoxy- or 
ribonucleic acids. A nucleic acid is not of a specific length, therefore polynucleotides, 
genes, open reading frames (ORF's), probes, primers, linkers, spacers and adaptors are 
included within the definition. A nucleic acid can be of biologic and/or synthetic origin. The 
nucleic acfd may be in single stranded or double stranded form. The single strand may be 
in sense or anti-sense orientation. Also included within the definition are modified RNAs or 
DIMAs. ly^odifications In the bases of the nucleic acid may be made, and bases such as 
Inosine may be incorporated. Other modifications may involve, for example, modifications 
of the bacldsone. 



The term "encodes" is meant to incorporate providing the possibility of protein 
expression, i.a. through transcription and/or translation when brought into the right 
context. 

A nucleio add according to the invention encodes a protein of tiie 28 kOa protein 
1 5 family according to the invention, or encodes an Immunogenic fragment of said protein. 

A nucleic add according to the invention has a minimal lengtin of 24 nudeotides 
taken from the nucleic add sequence of SEQ ID N0 1 or 3, preferably a nudeic acid 
according to the invention comprises 50, 100, 250, or 500 nudeotides taken from the 
nucleic add sequence of SEQ ID NO 1 or 3, in that order of preference. 

20 

A nudeic acid according to the Invention for instance is a nucleic acid encoding a 
protein of the 28 kDa protein family according to the invention without a signal sequence 
and/or a GPI anchor. OUier nucleic adds may comprise a sequence encoding a specific 
epitope of a protein of the 28 kDa protein family. Such nudeic acids are all embodied in 
25 the invention. 

The percentage of identity between nudeic acMs according to the Invention Is 
determined with the computer program "Bl^T 2 SEQUENCES" by selecting sub- 
program: "BlastN" (T. Tatusova & T. Madden. 1999, FEMS Microbiol- Letters, vol. 174, p. 

30 247-2S0), that can be found at www.ncbl.nlm.nih.gov/bla5t/bl2seq/bl2.htmL Parameters 
that are used are the default parameters: reward for a match: +1; penalty for a mismatch: 
-2; open gap penalty: 5; extension gap penalty: 2; and gap xjdropoff: 50. Unlike the 
output of the BlastP program desaibed above, the BlastN program does not list 
homologies, but Identities; the percentage of nucleotides that are identical are indicated as 

35 "Identities^ 
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It is well known In the art. that many different nucleic acids can encode one and 
the same protein. This Is a result of what is known In molecular biology as *^vobble^ or the 
"degeneracy of the genetic code"; when several codons or triplets of mRNA will cause the 
same amino add to be attached to the chain of amino acids gnswing in the ribosome 
5 during translation. It Is most prevalent in the second and especially the thinJ base of each 
triplet encoding an amino add, This phenomenon can result in a heterology of about 30% 
for two different nucleic adds that still encode the same protein. Therefore, two nucleic 
adds having a nudeotlde sequence identity of about 70 % can still encode one and the 
same protein. 

10 

For efflmple, the nudeic adds encoding the Bc28.1 and Bc28.2 proteins 
according to the Invention are aligned In Figure 3, A high percentage of Identity e}dsts 
between the two coding sequences, espedally 6i the S SM"* of the coding sequence. The 
percentege identities from the BlastN program are presented in Table 3. 





Nucleotides 


Percentage 
tdenlHy 


Complete 


845 


84 


5' 


652 


87 


3' 


193 


81 



Table 3: Results of BiastN nudeotlcte sequence alignments between the nucleic adds 
encoding the Bc28.1 and Bc2BJZ proteins accoreilng to the invention. 

20 

Nudeic acids encoding the proteins of the 28 kOa protein family according to the 
invention ran be obtained from member species of the Babesiidae family. 

However in a more preferred embodiment, the nudeic adds encoding a protein of 
the 28 kOa protein family or Immunogenic fragments thereof accortiing to the Invention 
25 are characterise In that th^ are obtained from S. divergens, B. bovis. B. motasl, B. 
cabaff/, B. equi, B. oanfs. B. rossi. B. vogel/, S. falls, B. caft S. oWs; B. tmutmanni, B. 
bigemlna, B. mtcroO, or B. gibstml. 

In an even more preferred embodiment the nudeic adds encoding a protein 
according to the 28 l<Da protein family or immunogenic fragments thereof are 
30 characterised in that they are obtained from BabesiSa canfe, B. ross/, B. cabalU, B. equf. B. 
bovis, or B. bigemlna. 
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The possibility of species being taxonomlcally re-classified has been discussed 
above. As this does not change the onanism's genome, sue* reclassified organisms are 
also embodied in the invention. 
5 Also embodied in the invention are proteins of the 28 IcDa protein family and 

nucleic acids encoding them from non-mammalian Babeslldae; such proteins or genes are 
present due to the high oonsen/ation of the proteins of the 28 kDa protein family, their 
encoding sequences, their genes, and gene-family. 

1 0 Nudeic acids encoding Bc28.1 protein have been obtained from geographically 

and genetically disparate B. canis field isolates. The nucleotide sequences of a few 
examples of such isolates are aligned in Figure 4. The percentage identities of painwlse 
BlastN alignments are presented in Table 4. 

15 





Robin 


A8 


B 


34.01 


A8 


100 








B 


98 


98 






34.01 


97 


97 


98 




Castres 


98 


98 


98 


98 



Table 4: Percentage Identities of pair-wise BlastN nucleotide sequence alignments 
between the nucleic adds encoding Bc28.1 proteins from geographically and genetically 
disparate B. canIs field isolates. TheSe nudeic acids were 84g or 852 nucleotides long. 

20 

Nucleic acids encoding the prjoteins of the 28 kDa protein family according to ttie 
Invention can be obtained, manipulafed and expressed by standard molecular biology 
techniques that are weil-icnown to the sliilled artisan, and are explained in great detail in 

25 standand text-books lil<e Sambrook sl Russell: "Molecular cloning: a laboratory manual" 
(2001, Cold Spring Harbour i-aborat<lry Press; ISBN: 0879695773). One such type of 
manipulations is the syndesis of a clbNAfragnnent from RNA, preferably from mRNA 
which can be isolated from parasllesl or parasite- infected cells or -orgaf^sn^s by 
techniques known in the art. 

30 Therefore, In another preferred embodiment, the invention relates to a cDNA 

fragment according to the invention. 
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The pr^erred method of obtaining a cDNA fragment by reverse transcription Is 
through a polymerase chain reaction (PCR) technique. Standard techniques and protocote 
for performing PCR are for instance extensively described in C. DIeflenbach & G. 
DvekBlen "PGR primers: a laboratory manual- (1885. CSHL Press. ISBI^ 879694473). 

In still another preferred embodiment, the invention relates to a recombinant DMA 
molecule comprising a nucleic acid according to the invention, or a cDNA fragment 
according to the Invention, under the control of a functionally linked promoter. 



To constmct a recombinant DMA molecule according to the Invention, preferably 
DMA piasmlds are employed. Such plasmids are usefUl e.g. for enhancing the amount of 
DIMA-Insert, as a probe, and as tool for further manipulations. Examples of such plasmids 
for cloning are plasmids of the pBR. pUC. and pGEM series; all these are available from 
15 several commercial suppliers. 

The nucleic acid encoding a protein of the 28 kDa protein family according to the 
invention or an Immunogenic fragment of said protein, can be cloned Into separate 
plasmids and be modified to obtain the desired conformation using techniques well known 
in the art However they may also be combined into one construct for Improved cloning or 
20 expresston purposes. 

Modifications to the coding sequences encoding a protein of the 28 kDa protein 
family according to the invention may be peribnned e.g. by using restriction enzyme 
digestton. by site ^lirected mutations, or by polymerase chain reaction (PGR) techniques. 

For the purpose of protein purification or -detection, or Improvement of expresston 
25 level, additional nucleic acids may be added. This may result In the final nudelc add 

comprised In the cDNA fragment, or in the recombinant DMA molecule being larger than 
the sequences required for encoding a protein of the 28 kDa protein family. When such 
additfonai elements are inserted In frame, these become an Integral part of the proteih of 
the 28 kDa protein family that Is expressed. Such fused proteins are also embodied In the 
30 Invention 

An essential requiremenlforthe expression of a nucleic add, cDNAIiagment, or 
recombinant DNA molecule Is that these are operabiy linked to a transcriptional regulatory 
sequence such that this Is capable of controlling the transcription of the nucleic add. 
cDNA. or recombinant DNA. Transcriptional regulatory sequences are well known In the 
35 art and comprise l.a. promoters and enhancers, it is obvious to those skilled In the art that 
the dioice of a promoter extends to any eukaryotic. prokaryotic or viral promoter capabte 
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of directing gene transcription, provided that the promoter is functional in the expression 
system used. 

In yet another preferred embodiment the invention relates to a live recombinant 
5 carrier comprising a nucleic add according to the invention, a cDNA fragment according to 
the Invention, or a recombinant DNA molecule according to the invention. 

Such live recombinant carriers (LRC's) are e.g. micro-orgarvsms such as tiacteria, 
parasites and ^ri^u8es in which additional genetic Infomrtation has been cloned, in tiiis case 
a nudeic acid, a cDNA, or a recombinant DNA molecule, encoding a protein of the 28 kDa 
10 protein family according to the invention or an immunogenic fragment thereof. Target 
mammalians inoculated with sudi LRCs will produce an Immunogenic response not only 
against the immunogens of the carrier, but also against the heterologous protein(s) or 
Immunogenic fragment(s) for which the genetic code is additionally cloned into the LRC, 
e.g. a sequence encoding a protein of the 28 kDa protein family, or an immunogenic 
1 5 fragment thereof. 

As an example of bacterial LRCs, attenuated SalmoneOa strains known In the art 
can attractively be used. 

Alternatively, live recombinant carrier parasites have i.a. been described by 
Vermeulen, A. N. (1998, Int. Joum. Parasltot., vol 28, p. 1121-1130). 
20 LRC viruses may be used as a way of transporting a nucleic add into a target oelK 

Live recombinant carrier viruses are also called vector viruses. Viruses often used as 
vectors are Vacdnia viruses (Panioall eta/., 1982, Proc. Nati. Acad. Sci. USA, vol. 79, p. 
4927), Herpesviruses (EP 047321 0-A2), and Retroviruses (Valerio, D. ef a/., 1989, In: 
Baum. S.J., Dicke. K.A., Lotzova, E. and Piuznik, D.H. (Eds.), "Experimental Haematology 
25 today", Springer Verlag, New York: pp. 92-99). 

The tachnkiue of /n vivo homologous recombination, well known In the art, can be 
used to Introduce a recombinant nucleic add according to the Invention into the genome 
of an LRC bacterium, parasite or virus of choice, capable of inducing expression of the 
inserted nucleic acid, cDNA or recombinant DNA according to tir\e Invention in the host 
30 animal. 



Bacterial, yeast, fungal, insect, and vertebrate cell expression systems are used as 
host cells for expression purposes very frequently. Such expression systems are well 
known in the art and generally available, e.g. commercially through Invitrogen {the 
35 Netheriands). 
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Therefore, In yet still another preferred embodiment, the Invention relates to a host 
cell comprising a nucleic add according to the Invention, a cDNA fragment acconling to 
the Invention, a recombinant DNA molecule according to the Invention, or a live 
recombinant carrier aax>rding to the invention. 

5 

A host ceil to be used for expression of a protein of the 28 kDa protein family 
according to the invention may be a cell of bacterial origin, e.g. from Escherichia coff. 
Bacillus subtllls, Lactobacillus sp. or Caulobactercrescentus. in combination with the use 
of bacteria-derived piasmids or bacteriophages for expressing the sequence encoding the 

10 Bc28 protein. The host cell may also be ofeukaryotic origin, e.g. yeast-cells In 

combination with yeast-spedflc vector molecules, or higher eukaryotic cells, like insect 
cells (Luckow et ai.1988, Blo-technology, vol. B, p. 47-55) In combination with vectois or 
recombinant baculovlmses; plant cells in combination with e.g. Ti-plasmid based vectore 
or plant viral vectors (Barton. K.A. ef a/.. 1983, Cell. vol. 32, p. 1033); or mammalian cells 

1 5 like Hela cells, Chinese Hamster Ovary cells or Crandell-Rees feline Wdney-oells, also 
with appropriate vectors or recombinant viruses. 

Next to these expression systems, plant cell, or parasite-based expression 
systems are attractive expression systems. Parasite ejqpresslon systems are e.g. 
described In the French Patent Application, publication number 2 714 074, and in US 

20 NTIS publication no. US 08/043109 (Hoffhnan, S. & Rogere. W.. 1 993). Plant cell 

expression systems for polypeptides for bkiloglcal application are e.g. discussed m R. 
Hscher et a/. (1999, Eur. J. of Blochem., vol. 262. p. 810-816), and J. Um'ck at a/. (2001. 
Biomor. Engin.. vol. fg, p. 87-94). 

Expression may also be perfomtied In so-called ceU-free expression systems. Such 

25 systems comprise all essential factors for expression of an appropriate recombinant 
nucleic acid, operably linked to a promoter that will function in that particular system. 
Examples are the E. coll lysate system (Roche, Basel, Swilzeriand), or the rabbit 
reticulocqrte lysate system (Promega corp., Madison, USA). 

30 The protein of the 28 kDa protein family according to flie Invention or Immunogenic 

fragments of said protein Is veiy weU suited for the production of a protein subunit vaccine. 
Such proteins or fragments can be obtained from parasites, or from animals or cells 
infected with Babeslldae parasites. However, much more convenient Is the use of tiie 
nucleic acids encoding the protein of the 28 kDa protein family according to tiie Invention 

35 or an immunogenic fragment of said protein, in an expression system. Th/s Is followed by 
harvesting the proteins or fragments produced and foimulating these into a protein subunit 



111/07 -03 22:10 FAX +31 485 585287 INTERVKT PATENT DEFT . EPO RYSWYK I2I024 

LD/07 -64*iu i^AA ^ 10.07.2003 22:08:26 



17 



vaccine, e.g. by admixing a protein of the 28 kDa protein family according to the invention 
or an Immunogenic fragment of said protein, and a pharmaceutlcally acceptable canlen 

Therefore, yet another aspect of the Invention relates to a vacdne comprising a 
5 protein acrordlng to the Invention or an Immunogenic fragment of said protein, a nucleic 
add, a cDNA fragment, a recombinant DNA molecule, a live recombinant canler, or a host 
cell according to the Invention, or a combination thereof, and a pharmaceutlcally 
acceptable cannier. 

10 As described above, a protein of the 28 kDa protein family or an Immunogenic 

fragment of said protein can advantageously be used for vacdnation. If such proteins or 
fragments do not produce an Immune response on their own, they can be coupled to a 
carrier such as KLH, BSA or the like. 

The coupling of protein or fragmente ttiereof can also be done to enhance or 
1 5 modify the Immune response induced. For Instance It is common pracHoe to couple 
protein(-lragment)s to Tetanus toxoid to enhance the response of T-cells. Also specific 
effecior molecules may be added, such as a toxin, to Improve the killing of target cells. 
Such couplings can be performed 

- chemically, by coupling, conjugation or cross-Hnking, through dehydration. 
20 esterificatlon. etc, of ttie amino add sequences either directly or through an 

Intennedlate structure. 

- physically, by coupling through capture in or on a macromolecular structure, or 
preferably 

. by molecular biological fusion, through the combination of recombinant nucleic add 
25 molecules which comprise fi^gments of nucleic add capable of encoding each of the 
two, such that a single continuous expression product Is finally produced. 
Molecular englneerlrtg technkiues are prefenred. 



An alternative and efficient way of vaccination Is by direct vaccination with DNA 
30 encoding the relevant antigen or epitope. Direct vaccination with DNA encoding proteins 
has been successful for many different proteins, as reviewed in e.g. Donnelly et aL (1993, 
The Immundogist, vol. 2, p. 20-26). For example in the field of anti-parasite vaccines, 
protection against e.g. Plasmodium yoelii has been obtained with DNA-vaccination with 
the R yoe/// ctrcumsporozoite gene (Hoffman. S. ef a/., 1994, Vaccine, vol. 12, p. 1529- 
35 1 533), and protection against Leishmania m^'or has been obtained with DNA-vacdnation 
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with the L ma/or surface glycoprotein gp63 gene (Xu & (Jew, 1994, Vaccine, vol. 12, p. 
1534-1536). 

Such a DNA vaccination can be perfoimed with a nucleic acid, a cDNA fragment, 
or preferably with a recombinant DNA molecule according to the invention. 
5 Therefore, one preferred embodiment relates to a vaccine according to tlie 

Invention, characterised in that it comprises a nucleic acid, a cDNA fragment, or a 
recombinant DiMA molecule according to the invention. 

Alternatively, a vaccine according to the invention can comprise live recombinant 
1 0 canrlers as described above, capable of expressing the protein of tite 28 Id^a protein 
femily according to the Invention or Immunogenic fragments of said protein. Such 
vaccines, e.g. based upon a bacterial, a parasitic or a viral carrier or vector have the 
advantage over subunit vaccines that they better mimic the natural way of infection by 
Babesiidae. Also the presentation of the antigens by ceils infected with the carriers 
1 5 resembles the route proteins of the 28 kDa protein family or their Immunogenic fragments 
are presented to the immune system in a natural infection. Moreover, their self- 
propagation is an advantage since only low amounts of the recombinant carrier are 
necessary for immunisation. 

Thus, another preferred embodiment relates to a vaccine according to the 
20 Invention, which comprises a live recombinant carrier and a pharmaceutlcaiiy acceptable 
carrier. 

The host cells as described above can be used to e>q}ress a protein of the 28 kDa 
protein family according to the invention or an Immunogenic fragment of said protein as an 
25 expression system. After expression the proteinaclous product may be han/ested, but 
alternatively the culture medium or the complete host cells themselves may be used in a 
. vaccine. This has the benefit of omitting purification steps, but of course requires some 
tolerance by the target mammalians for the media components and/or components of the 
host cells. 

30 

Also embodied in the Invention Is a vacdne according to the Invention devised of a 
combination finom two or more types of molecules from the protein or immunogenic 
fhagment thereof, nudeic acid, cDNA, recombinant molecule, live recombinant carrier, and 
host ceils according to the invention. These may be combined In a single dose or in 
35 separate doses, and may be given at the same time or sequentially. For instance, a 

combination vaccination of an initial priming vwth a recombinant DNA piasmid carrying the 
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coding sequence of a protein of the 28 kDa protein family, followed some time later by a 
booster vaccination with a protein of the 28 kDa protein family may advantageously be 
used. 

5 Vaccines according to the Invention, can be administered in amounts containing 

between 0.1 and 1000 yg of a protein of the 28 kDa protein family according to the 
Invention or an Immunogenic fragment of said protein per mammalian target. Smaller or 
larger doses can In principle be used; preferably a dose of between 50 and 200 yg of a 
protein of the 28 kDa protein family or an Immunogenic fragment thereof Is used . 

1 0 For live viral vector vaodnes the dose rate per animal may range from 1 to 1 0^^ 

pfu, preferably 10 - 10^ pfu are used. 

A pharmaceutically acceptable canrier is understood to be a compound that does 
not adversely effect tlie health of the animal to be vaccinated, at least not to the extend 
1 5 that the adverse effect Is worse than the effects seen when the animal is not vaccinated. A 
pharmaceutically acceptable carrier can be e.g. sterile water or a sterile physiological salt 
solution. In a more complex form the carrier can e.g. be a buffer. 

Often, a vacctr^ Is mbced with stabilizers, e.g. to protect degradation-prone 
20 components from being degraded, to enhance the shelf-life of the vaccine, or to Improve 
freeze-drying effldency. Useful stabilizers are i.a. SPGA (Bovamik ef a/«, 1950, J. 
Bacteriology, vol. 59, p. 509), skimmed milk, gelatine, bovine serum albumin, 
carbohydrates e.g. sorbitol, mannitol, trehalose, starch, sucrose, dextran or glucose, 
proteins such as albumin or casein or degradation products thereof, and buffers, such as 
25 alkali metal phosphates. 

The vacdne according to the invention may additiondlly comprise a so-called 
"Vehlde". A vehfdd is a compound to which the proteins, protein fragments, nudeic adds 
or parts thereof, cDIMA's, recombinant molecules, live recombinant carriers, and/or host 
cells according to the invention adhere, without being oovalently bound to it. Such vehides 
are i.a. blo-microcapsules, mfcro-alglnates, liposomes, macrosols, aluminium-hydroxide, 
-phosphate, -sulphate or -oxide, silica, Kaolin®, and Bentonite®, all known in the art. 

An example Is a vehicle in which the antigen is partially embedded in an Immune- 
stimulating complex, the so-called ISCOM® (EP 109.942, EP 180.564, EP 242.380). 



30 



35 
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In addition, the vaccine according to the Invention may comprise one or more 
suitable surface-active compounds or emulslfiers, e.g. Span® or Tween®. 

For reasons of e.g. stability or eomomy the proteins, immunogenic Iragments 
5 thereof, nucleic adds, cDNA's, recombinant molecules, live recombinant canlers. host 
cells and valines according to ttie invention may be freeze-dried. In general Oiis will 
enable prolonged storage at temperatures above zero • C, e.g. at 4"C. 

Procedures for freeze-drying are known to persons skilled In the art; equipment for 
fireeze-drying at different scales is available commercially. 
1 0 Therefore, in a more preferred embodiment, the vaccine according to the Invention 

Is diaracterised in that it is In a freeze-dried fonn. 

To reconstitute the freeze-dried vaccine, it may be suspended in a physiologically 
acceptable diluent. Such a diluent can e.g. be as simple as sterile water, or a 
physiological salt solution. In a more complex fbnn It may be suspended in an emulsion as 
15 outltned In PCT/EP89/10178. 



Target subjects for the vaccine according to the Invenfton are preferably 
mammalian, e.g. humans or mammalian animals of veterinary Importance. The taiget may 
be healthy or diseased, and may be seropositive or -negative for Babesiidae parasttes or 
20 for antibodies to Babesiidae parasites. The target subject can be of any age at which it Is 
susceptible to the vaccination and/or to the infection or clinical disease the vaccination 
aims to pratecd against 

the more prefenied target mammalians for the vaccine according to the Invention 
are cows, horses, dogs and cats.- 
25 The vaccine according to the Invention can equaUy be used as prophylactic and as 

therapeutic treatment, and Interferes with the establishment and/or with the progression of 
an infection or its clinical symptoms of disease. 

The vaccine according to the invention can be In several fomis. e.g.: a liquid, a gel, 
an ointment, a powder, a tablet, or a capsule, depending on the desired method of 
30 application to the target 

Preferably the vaccine Is in the form of an injectable liquid. 

The vaccine according to the invention can be administered to the mammalian 
target according to methods known in the art. For instance by parenteral applications such 
35 as through all routes of injection into or through the skin: e.g. intramuscular. Intravenous, 
intraperitoneal, intrademiai, submucosal, or subcutaneous. Alternative routes of 
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application that are feasible are by topical application as a drop, spray, gel or ointment to 
the mucosal epithelium of the eye, nose, mouth, anus, or vagina, or onto the epidennls of 
the outer skin at any part of the body; by spray as aerosol, or powder Alternatively, 
application can be via the alimentary route, by combining with the food, feed or drinking 
5 water e.g. as a powder, a liquid, or tablet, or by administration directly into the mouth as a 
liquid, a gel, a tablet, or a capsule, or to the anus as a suppository. 

The prefened appltoatlon route is by Intramuscular or by subcutaneous injecOon. 
It goes without saying that the optimal route of application will depend on the 
partlcuiarities of the parasitic Infection or clinical disease that is to be prevented or 
1 0 ameliorated, and the characteristics of the vaccine fbrmulatton that is used. 

The scheme of the application of the vaccine according to the Invention to the 
target mammalian can be In single or multiple doses, which may be given at the same 
time or sequentially. In a manner compatible with the dosage and fomnulation, and (n such 
15 an amount as will be immunologically effective. 

Preferably the vacdne Is applied in one single dose that will provide sufficient 
immunotogical protection for at least a year. 

In an even more preferred embodiment, the vaccine according to the Invention is 
20 characterised in that it comprises an adjuvant. 

An adjuvant in general is a substance that boosts the immune response of the 
target in a non-specific manner. Many different adjuvants are known in the art. Examples 
of adjuvants are Freund's Complete and -Incomplete adjuvant, vitamin E, non-Ionic block 
polymers and polyamines such as dextransulphate, carbopol and pyran. Also very 
25 suitable are saponins, which are the preferred adjuvant. Saponins are preferably added to 
the vaccine at a level between 10 and 10.000 |ig/ml. Within the group of saponins, the 
saponin Quil A® is the more preferred adjuvant. Saponin and vaccine componerYts may 
be combined in ISCOIMS® (EP 109.842, EP 180.564, EP 242.380). 

Furthemiore, peptides such as muramyldipeptides, dimethyigiydne, tuftsin, are 
30 often used as adjuvant, and mlrieral oil e.g. Bayol® or lyAarkol®, vegetable oils or 
emulsions thereof and DiluvacForte® can advantageously be used* 

It goes without saying that other ways of adjuvating, adding vehicle compounds or 
diluents, emulslf^ng or stabilizing a vaccine are also embodied In the invention. Such 
35 additions are for instance described in well-known handbooks such as: "Remington: the 
science and practice of pharmacy" (2000. Llppincot. USA, ISBN: 683306472), and: 
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"Veterinary vacclnology", P. Pastoret etal. ed., 1997, Elsevier. Amsterdam. ISBN 
0444819681). 



5 The vaccine according to the inv^Hon can advantageously be combined wrtth 

another antigen, or Immunoactlve component This can also be added in ttie form of Its 
enoKling nucleic acid. 

Therefore, in a still even more prefenred embodiment the vaccine according to the 
Invention is characterised in that It comprises an additional immunoactlve component or a 
1 0 nudeic add encoding said additional immunoactive component 

The additional lmmunoa(^e component(s) may be an ant^en, an Immune 
enhancing substance, and/or a vacdno; either of these may comprise an ac^iivant 

The additional immunoactlve component(s) when In the form of an antigen may 

1 5 consist of any antigenic component of human or veterinary Importance. It may for Instance 
comprise a biological or synthetic molecule such as a protein, a carbohydrate, a 
lipopolysacharlde, a nudeic acid encoding a proteinacious antigen, or a recombinant 
nucleic acid molecule containing such a nudeic add operabty linked to a transcriptional 
regulatory sequence. Also a host cell comprising such a nudeic acid, recombinant nucleic 

20 acid molecule, or LRC containing sudi a nudeic add, may be a way to deliver ttie nudeic 
add or the additional Immunoactive component Alternatively It may comprise a 
fractionated or killed micro organism such as a parasite, baderlum or virus. 

""1® addWohal inimunoadive c6rapbhent{s) may be in the Ibrm of an immune 
enhandng substance e.g. a chemokine, or an Immunostlmulatoiy nucleic add, e.g. a CpG 

25 motif. Alternatively, the vacdne according to the Inventton. may itself be added to a 
vacdne. 

For Instance a vacdne according to the invention can be combined with a 
preparation of a Babesia subunit vacdne protein, not being a protein of the 28 kDa protein 
family, to fomri a oomblnafion subunit vacdne against Babesiklae Infedion or assodated 
30 dinical signs of disease . 

in a yet even more preferred embodiment, the vacdne according to the inventton 
Is charaderlsed in that said additional Immunoactlve component or nudete add encoding 
said additional Immunoactive component Is obtained from an organism selected from the 
35 group consisting of Ehtilchia canis. Babesia gibsoni, B. vogeli. B. mssJ, Lelshmarria 
donovanhcomptex, Canine parvovirus. Canine distempen/lrus, Leptospira interrogans 
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serovar canlcola, lcterohaemorrhag!ao, pomona, grippotyphosa, braOslava, Canine 
hepatitisviais. Canine parainfluenzavirust rabies vims, Hepatozoon cants and Borrelia 
burgdorferi, 

5 The protein of tlie 28 I^Da protein family according to the Invention, or the 

immunogenic fragment of said protein, the nudeic acid. cDNA, recombinant molecule, live 
recombinant carrier, and/or the host cells according to the Invention for the first time ailow 
the generation of spedfic antibodies against a protein of the 28 kDa protein family, or an 
Immunogenic fragment thereof. This makes the vacdne according to the Invention 

1 0 suitable as marker vaccine, as It allows the differentiation between parasite infected and 
vacdnated mammalian targets, through methods known in the art 

Alternatively, these specific antibodies may be used as a vacdne themselves, for 
so called ''passive vacdnation". 

Therefore still another preferred embodiment relates to a vaccine, characterised in 

1 5 that it comprises an antibody against a protein according to the invention, or an antibody 
against an immunogenic fragnrtent of said protein, or a combination thereof, and a 
pharmaceutteally acceptable carrier. 

A combination in a vaccine of an antigen 'loaded' with antiisodles against that 
antigen Is known In the art as a "comple)^ vacdne. 

20 

Still another aspect of the invention relates to a method for the preparation of a 
vaccine according to the invention, said method comprising the admixing a protein 
according to the invention, or an Immunogenic fragment of said protein, a nucleic acid, a 
cDNA fragment, a recombinant DNA molecule, a live recombinant earner, or a host ceil 
25 according to the invention, or a combination thereof, and a pharmaoeuticany acceptable 
can*ier. 



Yet another aspect of the Invention relates to a method for the preparation of a 
30 vacdne according to the Invention comprising the admixing of antibodies against a protein 
or an immunogenic fragment thereof according to the invention, and a pharmaceutlcally 
acceptable carrier. 

35 As outlined above, a vaccine obteinable by the method according to the invention 

can equally be used as proph^actic and as therapeutic treatment, and will interfere both 
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with the establishment and/or with the progression of an infection or Its clinical signs of 
disease. 

Therefore, a further aspect of the Invention relates to the use of a protein 
according the invention or an Innmunogenlc fragment of said protein, for the manufacture 
5 of a vaccine for prophylactic or therapeutic treatment of an Infecflon or its dlnlcal signs 
caused by an organism of the family Babesiidae. 

Again a further aspect of the invention relates to a diagnostic test for tlie detection 
10 of a nucleic acid associated with an organism of the femliy Babesiidae, characterised In 
that the test comprises a nucleic acid, said nucleic acid being at least 70 % homologous to 
the nucleic add sequence depleted in SEQ ID NO: 1 or 3, or a nucleic add that Is 
complementary to said nudeic acid, wherein either of the nucleic adds have a length of at 
least 12, preferably 15, more preferably 18 nucleotides. 

15 

Yet a further aspect of the Invention relates to a diagnostic test for the detection of 
antibodies against an organism of the family Babesiidae, characterised In that said test 
comprises a protein according to the invention or an immunogenic fragment of said 
20 protein, or a combination thereof. 

For Instance a Bc28«1 and/or a Bc2&,2 protein or an immunogenic fragment of 
either is coupled to a solid phase carrier, this Is Incubated with a sample to be tested. Is 
washed, and presence of bound antibodies is detected. 

25 

Still a further aspect of the invention relates to a diagnostic test for the detection of 
antigenic material from an organism of the family Babesiidae, characterised in that said 
test comprises an antibody against a protein according to the invention or an 
Immunogenic fragment of said protein, or a combination thereof. 
30 For instance antibodies against a B<^8.1 and/or a Bc28.2 protein or an 

Immunogenic fragment of either are coupled to a solid phase carter, this is incubated with 
a sample to be tested, Is washed, and presence of bound protein is detected. 

The invention will now be further described with reference to the following, non- 
35 limiting, examples. 
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Examples 

EXAMPLE I: IDENTIFICATION OF THE Bc28 MULTIGENE FAMILY AND 
MOLECULAR CHARACTERIZATION OF THE Bc28.1 AND Bc28.2 CODING 
5 SEQUENCES 

1.1. TECHNIQUES USED 

1.1.1. General techniques 

1.1.1.1. Culture of Babesia canis 

Isolates of eatesfe canis (designated A, B, Castres, Glgnac, 34.01 and Robin) were 
10 obtained from naturally Infected dogs from different departments from France. They were 
maintained In in vitro culture according to Schetters etsJ. (1997, Parasitology, vol. 115, p. 
465-493). 

The A8 biological done corresponded to a biological clone of the Isolate A from a. 
canis and was obtained following an adaptation of the doning-dilution prooedure 
15 described tor malaria parasites (Walllker & Beale, 1993, Meth. In Molea Biol,, vol. 21, p. 
57-86). 

1.1.1.2. DMA sequencing 

Nudeotlde sequendng was performed using the dideoxy chain tenninatfon method from 
20 alkali-denaturated double-strand templates according to Sanger et al. (1977. Proc. Natl. 
Acad. Scl. USA, vol. 74, p. 5463-5467) by Genome Express S.A. ^one Astec Grenoble, 
France) on both strands of the selected plasmlds using T3 and T7 universal primers and 
various oligonudeotWes derived from sequences of each strand already established. 

25 1.1.1.3. DNA primers 

DNA primers used for isolating genomic fragments, for generation of probes and for PGR 
reactions are disclosed In Table 5. with reference to their respective SEQ ID number. All 
primers were synthesized by Slgma-Genosys (Cambridge. UK). 



30 
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Name 


Sequence (in 5' -> 3' orientation) 


SEO ID NO 


pr3 


TGATGAAGCCGGCAAGAAGGT 


e 
9 


E4 


TACATGATACCGAATTCAATGG 


M 

D 


RT1 


TTAGATCGTTGAGCTCAGOTAPrTTfJa 


7 


lnv€ 


CCATGGATTGAAGGTAGCTGAG 


8 


5'UTR 


AGTCGATACCTCCQAGAATAfS 


9 


FspeS 


ACTGAGGATGAGAAC!AC5riaATaa»r 


10 


FCons3,1 


CATGGATTC? A AGf^T A nr*T^^2V r« 


11 


Rspe4 


GACCACAACCGCGACGGCGGCAAC 




Rspe3G 


GAGCTCATXGAGGAGTACAGG 


13 


RspeSC 


CATTACGCCGACAAATAGTCA 


14 


S.lexpfor 


ATTTTGGTTCGTGGATCCACGTGCACTGAGGAT 


15 


3.1exprevC 


CCACAAATAGTCAAGCTTAACCTCTAA 


16 


3.1exprev 


GAATGAGAATCCAAGCTTCTTACCCTTGGC 


17 


GeneRacer® 5* 


CGACTGGAGCACGAGGACACTGA 


18 


GeneRacer® 3' 


GCTGTCAACGATACGCTACGTAACG 


19 



Table 5: DNA primers used during the course of the experiments 

5 



1.1,1 A Genomic DNA extraction. Southern blot and chromosomal analysis 

Genomic DNA extraction from a can/s In vitro cultures or from field samples of dog 
fnfected-blood was performed on 200fj| of blood using Nuc!eospin«g> column according to 
the manufacturer (Macherey-Nagel). Southern blot experiments were peribrmed using 

1 0 standard procedures described in Sambroolt & Russen (supra). 

The preparation of agarose plugs containing lnta<A or Wo«-digested chromosomes 
of B. carOs and their separation by pulse-field gel electtophoresis (PFGE) were performed 
as described In Depoix eta/. (2002, Parasitology, vol. 125, p. 313-321). 

The Bc28 probe that was used for the DNA hybridisation experiments was 

15 obtained by performing a PGR with the combination of primers Fspe3 and R8pe4 using 
the plasmid carrying the Bc28.1 cDNA as DNA template. The Bc28 probe was labelled 
using the Nick Translation kit according to the manufacturer's Instructions (Boehringer 
IMannhelm) and as desalbed In Depoix etai (supra). 
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1.1.1.5. RNA extraction and Northern blot analysis 

Total RNA exfiBction, mRNA purrficatton and RNA hybridisation were performed as 
described in Drakulovsl<i et ah (2003, InfecL Immun., vol. 71, p. 1056-1067). The 
5 digoxigenin (DIG)-1 l-UTP-labelled Bc^ antisense riboprobe (complementary mRNA 
sequence obtained from using the primers Fspe3 and Rspe4) was synthesized according 
the DIG High Prime® DNA labelling kit (Boehrlnger Mannheim). 

1 .1 .1.6. PGR amplification 

1 0 Amplifications were performed In a PTC-1 00® Programmable Thermal Controller (WU 
Research. Inc) as described In Depobc 0t ai (supra), using Accu Taq® DNA polymerase 
(Sigma). 

15 1.1.2. Identification <rf the Bc28.2 genomic fragment from a canfe bv PGR wHh Primers 
derived from the Bd37 cDNA of B. dlvemens 
Two primers, pr 3 and E4, were used in a PGR set-up on genomic DNA from isolate A of 
B. can/s. The conditions of annealing were the following; the annealing temperature was 
Increased by 2**C per cycle from 45'*C to SS'^C and then 25 cycles of amplification were 

20 perfomned at SS^'C. These conditions allowed to amplify a 500 bp genomic fragment, that 
was designated Bc28-2. The PGR fragment was then cloned In the pCRII-TOPO® cloning 
vector according the manufacturer's instruction (Invitrogen), and sequenced. 

1.1.3. Cloning of the a:)mDlete Bc28-1 cDNA sequence of B. canis 
25 The complete sequence from the cDNA Bc28,1 was detemnlned by RT-PCR using primers 
derived from the sequence of the Bc28.2 genomic fragment for the first retrotranscription 
step. For the RT-PCR experiment, the GeneRacer® protocol was applied according the 
manufacturer's Instructions (Invitrogen) on Intact mRNA from 6. canis. The 5" end 
sequence of the cDNA (clone 5 -Bc28.1 , 5'-RACE PGR product) was determined by using 
30 the reverse primer RT1 for the first retrotranscription step. The 3'-end of the cDNA Bc28.1 
(clone 3-Bcfi8.1, 3 -RAGE PGR product) was obtained using the fonward primer lnv«, 
derived from the sequence of the clone 5 -B<28. 1 , in the first retrofranscription step of tiie 
protocol. The 5' and 3' ends of the cDNA Bc28.1 were then amplified by PGR using a 



10/07 '03 22:17 FAX +31 485 585287 INTERVET PATENT DEFT ^ EPO RYSWYK ©035 

035 10.07.2003 22:15:57 

28 

primer-couple corresponding to tlie one that was used first for each of the 
retrotranscriptlon steps and with the forward GeneRaoer® 5' primer (5- 
CGACTGOAGCACGAGGACACTGA-a*) or the reverse GeneRacer® 3' primer (5*- 
GCTGTCAACGATACGGTACGTAACG-3") (Table 5) provided in the GeneRacerTM kit 
5 (Invltrogen)* In both cases, a single PGR product was obtained using Aocu Taq® DMA 
polymerase (Sigma). These fragments were cloned In pCRII-TOPO. and sequenced. 
Sequences from the clones 5'-Bc28.1 and 3 -Bc28.1 were assembled to form the 
complete sequence of the Bc28.1 cDNA from B. canis. 



10 1.1.4. Cloning of the enoodlna regions from th e Bc28.1 and Bc28.2 coding sequences 
from B. canfe 

A speciTic reverse primer firom the Bc28.1 and Bg28.2 nucleotide sequences was 
designed in order to sequence their corresponding genomic copy. The complete open 
reading frame (ORF) from the coding sequence B<28.2 was amplified by PGR with the 

1 5 fonward 5'UTF? primer derived from the 5' end of the Bc28.1 cDIMA sequence and the 

reverse IRspeSG primer that specifically hybridises to the 3' end of the genomic sequence 
of Bo28.2. The sequence of the complete ORF from the BcfiS.I coding sequence was 
amplified by PGR with the 5'UTR primer and with the reverse Rspe3C primer that 
speclficaily hybridises to the 3' end of the Bc28.1 cDNA sequence. The PGR 

20 amplfflcations were pertbmried using the genomic DNA from the biological clone A8 from 
S. cams as DNA template. AmpllflcaBons were perfonmed with flie following conditions: a 
3 min step of denaturation at 94''C, a 3-step cycling program oonstefing of 1 min 
denaturatlon at 94°C, 1 min annealing at 55*0, and 1 min of extension at 72^C, finally 
followed by a 5 mfn step at 72°G. The PGR fragments were then cloned In pCRII-TOPO 

25 and sequenced. 



1.1.5. Anaivsis of the Dolvmorph lsm of the Bc28,1 and potential Bc2a.2 coding 
sequences 

The Bc28.1 and Bc28.2 coding sequences from the French laboratory Babesia canis 
30 isolates B, Robin, Castres. Gignac and 34.01 were amplified by PGR with the [ol] primer- 
couples Fspe3/Rspe3C or Fspe3/Rspe3G and a restriction map based on 6 restriction 
enzymes {AM, EcoRI, HInfl, Mbol and Mspl) was calculated for both genes. On the basis 
of the deduced restriction maps from the Bc28,1 coding sequence, the entire coding 
region of Bc28.1 from the French laboratory Babesia canis isolates B, Robin, Castres and 
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34.01 were amplified by PGR with the primer-couples 5'UTR/R$pe3C, and cloned and 
sequenced as described above (§ 1.1.2). 



5 12. RESULTS: 

1.2.1. Identification of a genomic fragment from S, cam's by PGR 

Two primers, pr 3 and E4 were used in a PGR set-up with an Increasing annealing 

temperature from 45 to SS^'C on genomic DMA from S. cam's (Figure 5), 

It allowed the amplification of a fragment of approximately 500 bp (Figure 5, lane 
10 2; indicated with a dot). This amplification was specific since the test of each of the 
primers separately In control amplifications was negative (Rgure 5, lanes 5 and 6). 

This done, Bc28.2, hereafter called Bc2B.2 (see below) was cloned In a pGEX® 
vector to be able to express a GST fusion-protein. 

15 i.2J2. Identification of the Bc28 multlaene family and ctonlno of the Bc28.1 and Bc28,2 
cixiina sequences 

1 .2.2.1 . Cloning of the complete Bc28.1 cDNA 

In order to find a complete cDN A sequence corresponding to the genomic fragment of 
Bc28,2, an RT-PCR experiment on Intact mRNA from B. canis was performed using ttie 
20 GeneRacer protocol. Firstly, a single 5'-RACE PGR product was obtained by performing 
the first retrotranscrtpHon step with the reverse primer RT1 derived from the sequence of 
the genomic clone Bc28.2 followed by a PGR with the same RT1 primer and the ftvward 
GeneRacer 5' primer provided in the Gene Racer kit. Then, a single 3 -RACE PGR 
product was obtained usbig the foPA^ard primer ln>^, derived from the deduced sequence 

25 of the 5*-F^CE PGR product, in the first retrotranscriptlon step of the protocol followed by 
a PGR With the same primer and the GeneRacer 3' primer provided In the kit Sequences 
from the 5'-RACE and 3'-RACE PGR products were assembled and constttute the 
complete sequence of ttie Bc28,1 cDNA. This cDNA contained a 1039 bp sequence with a 
poly(A)20 tall and with an ORF of 753 nucleotides. Within the segment 5'UTR/Rspe3C of 

30 the cDNA, this ORF starts with an ATG Initiation codon at nucleotide (nt) position 50 (or nt 
position 71 from the entire cDNA) and ends with a TAA stop codon at nucleotide position 
820 (or nt position 841 from the entire cDNA). 



10/07 '03 22:18 FAI +31 485 585287 INTBRVBX PATENT DEFT ^ EPO RYSWYK @037 

037 10.07.2003 22:1^; 21 



30 



AHgnment of the Bc28.2 genomic fragment sequence wKh the complete sequence 
of the deduced cDNA revealed a significant identity in the region of primers RT1 and InvS 
between the two sequences (/.e. In the 5' end of the Bc28.2 sequence). However, their 3* 
ends were found to be very distant, suggesting the presence of at least 2 retafed genomic 
5 copies in the genome of a can/s for this gene. As the cDNA sequence encodes a poly^ 
peptide of around 28 lcI3a, and because its 3'end was distant from the related genomic 
clone. It was designated Bc28.1 whereas the related genomic clone was designated 
Bc28.2. 

1.2.2.2. Design of primer for specific PCR amplification of Bc28.1 and Bc28.2 
10 coding sequences 

As the comparison of the nucleotidB sequences trom the dWA Bc28.1 and the genomic 
clone Bc28.2 suggested two related genomic copies in the genome of the parasite, 
specific primers able to amplHy each of the copies were designed. The two sequences 
being the most distant in their 3' end. the primers RspeBG and Rspe3C, respectively 

1 5 designed to amplify the Bc2B.2 and Bc28.1 coding sequence, were therefore selected 
from this region (Rgure 3). To demonstrate their specfflcity for each coding sequence, 
they were tested by PCR In combination with the primer Cons3.1 (Figure 3) that is located 
in the 5' end of the Bc28.2 sequence and that hybridises in a consenred region of the two 
sequences. Moreover, to certify that the two copies of related coding sequences do not 

20 derive from two subpopulations of B. oanls in the isolate A, the PCR's vuere performed 
using the genomic DMA from a biological done, clone AS of 6. canis. 

The combinations of primers Cons3.1/Rspe3G and Cons3.1/Rspe3C allowed the 
ampliflcatlon of a genomic fragment of some 300 bp for both combinations of primere 
(Figure 6. A. i and II. lanes PCR). To certify that the primere RspeSG and Rspe3C 

25 hybridise specifically to the Bc28.2 and Bc28.1 coding sequence respectively, the 

amplified fragments were digested by the restriction enzymes H/nfl or Msfl (Figure 6. A, i 
and II, lanes H and M). Comparison of the restriction maps of the two sequences revealed 
the absence of two H/nfl restriction sites Cocated at position 713 and 777 In the Bc28.1 
sequence) and one Mspi site (located at position 790 in the Bc28.1 sequence) In the 3' 

30 end of the Bc28.2 sequence (Figure 6, C; compare the restriction maps from the Bc28.1 
coding sequence and the Bc28.2 genomic fragment). As expected, the HM and Mspl 
digestion of the ampllmer Cons3.1/Rspe3C showed a digestion of the amplified fragment 
in 3 and 2 fragments (Figure 6, A. I. lanes H and M. respectively). In contrast, the 
Cons3. 1/Ftepe3G PCR fragment was not digested by these two enzymes (Figure 6, A. 11, 

35 Janes H and iW). demonstrating that the primers Rspe3G and RspeSC specifically ' 
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hybridise to the Bc2B.2 and Bc28.1 coding sequences from ttie biological done AS from B. 
can/s. 

In order to analyse the 5' end of the Bc28.2 coding sequence, a similar PCR-RFLP 
was performed by using the combinations of primers Fspe3/Rspe3G and Fspe3/Rspe3C 

6 (Figure 6, B, I and 11). In both cases, the amplimers were digested by the Iwo enzymes 
and the sizes of the fragments resulting from these digestions show that the 5' end of the 
Bc28.2 and Bc28.1 coding sequences are conserved (Figure 6, C; compare the restriction 
maps from the Bc2BA and Bc2B.2 coding sequences). Indeed, the 5' end of the Bc28.2 
coding sequence contained the ^ngle H/nfl site (locked at poslfion 308 of the Bc28.1 

10 coding sequence) and two Mspl sites (located at positions 367 and 412 of the Bc28.1 
coding sequence) from the Bc28.1 coding sequence in a conserved position. 

In conclusion: two related Bc28 coding sequences are present In the genome of fi. 
canls. Specific primers able to analyse each of the two copies are disclosed. The 
restriction map comparison shows that both copies contain a consented 5' end whereas 

1 5 their 3' ends are very distant. 

1 Ji2.3. Hybridisation experiments with a Bc28.1 probe 

The probe used for hybridisation experiments (Southern blot. Northem blot and PFGE 
analysis) (Figure 7) corresponded to the coding region of Bc28.1 cDNA located between 
20 primers FspeS and IRspe4 (Figure 3)* 

1 .2.2.3.1 . The Bg28, 1 coding sequence belongs to a mulUgene fymlty. 
Rrst, the results of the Southern blot experiment revealed two hybridised fragments of 
some 1200 and 1400 bp when the genomic DNA of B. oan/s was digested with the Rsa\ 
25 enzyme (Figure 7, A, II, lane 3, Indicated by arrows). As no RseX restriction site Is present 
In the restriction map of the Bc28.1 cDNA, It demonstrates the presence of at least two 
related genomic copies, in agreement with the identification of the related sequences of 
BC28.1 and Bc28.2. 

Then, hybridisation experiments were perfomied with the Bc28.1 probe on the 
30 entire (Rgure 7» C. II) or Afofl-digested (Figure 7, D, II) chromosomes from the Babesia 
canis isolates A (Figure 7, C and ll-A) and B (Figure 7, C and D, il*B), which had been 
separated by PFGE. This Indicated that at least 10 genomic copies of related Bc£8 coding 
sequences exist in the genome of B. canfs (Figure 7, D, 11) and that these copies are 
located on the 5 chromosomes from the parasite, in both isolates (Figure 7. II). The 
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difference In sensitivity of the hybridisation signals, both for isolates A and B, shows a 
sequence polymorphism between the different related Bc28 sequences for a given isolate 
inthatftimiiy. 



5 1.2.2.3.2. Northern btot analysis 

Whereas previously descnDed data show there are at least 10 members related to the 
BC28.1 cDNA, hybridisation of the probe on total RiMA from B. canis revealed a single 
band of around 1,1 itb mRNA, In agreement with the size of the Bc28.1 cDNA sequence 
(Figure 7. B. II). Moreover, whereas our data show that the two related coding sequences 

10 BC28.1 and Bc28.2 encode dlflierBnt products (28 and 45 kDa. see example 2, section 
2.2.1.). no laiger mRNA that encoded the 45 l(Da was detected. 

In conclusion: the Bc28.1 and Bc28.2 coding sequences belong to a mulligene 
family that is composed of at least 1 0 members located on the 5 chromosomes of a 
canis. A single mfRNA was detected that encodes a 28 kDa protein, coirespondlng to the 

15 BC28.1 copy. The larger mRNA encoding the 45 kDa protein corresponding to the band 
recognized by the a-GST-Bc28.2 antisemm could not be detected; the small amount of 
protein detected in Immunopreclpitatlon experiments indicates this mRNA Is transcribed at 
a very low level, addifionany it shows that the transcription of members from the Bc28 
family is regulated. 

20 

1.2.2A Cloning of the Bc28.2 coding sequence within the biological clone A8 
from a canis and comparison of its sequences with the Bc28.1 coding 
sequence 

Spedflcgenomicfragmentflnom the Bc28.2 coding sequence was amplified by PCR using 
25 the genomic DIMA from the biological done A8 from a canis as DNA template with the 
combinations of primers 5'UTR«spe3G. The genomic fragment vwas cloned and 
sequenced. The genomic sequence Bc28.2 was aligned and compared with the 
equivalent Bc28.1 coding sequence amplifled with the combination of primer 
S'UTR/Rspeac both at the nucleotide (Figurs 3) and amino add levels (Rgure 1). 



30 



1 .2.2.4.1 . Ccffnpaiison at the nucleotide i&vel 

Such a PCR amplified 845 and 852 nucleotide length sequences tor the Bc28J2 and 
BC28.1 genomic sequence, respectlveiy (Figure 3). Comparison of the Bc28.1 cDNA and 
genomic equivalent sequences Indicated that no Intronic sequence was found in the 
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B(28.1 coding sequence. The percentage of Identity, determined using the BlastN 
program as described, between the Bc28.1 and Bc2B.2 sequences at the nucleotide level 
was 94 % when the comparison was perfonned with all 845 nucleotides from the two 
sequences (Table 3). However, and as suggested by the previously described 

5 comparative restriction map analysis using PCR-RFLP experiment (Figure 6, C), 

comparison of the two nucleotide sequences revealed a strong conservation at the 5' end 
whereas their 3' end was polymorphic (Rgure 3). Indeed, whereas the percentage of 
identic at the nudeoflde level was of 97 % when the comparison was perfonned with the 
first 652 nucleotides from the two sequences, the comparison of the remaining 193 

1 0 nucleotides from their 3' end revealed only 81 % Identity CTable 3)« 

1 .2.2.4.2. Comparison ofrestrioUon maps of the Bg28. 1 and Bc28.2 coding 
sequences 

Specific genomic fragment corresponding to the coding region of the Bd2BA and Bc2B2 
1 5 coding sequences between the primers Fspe3 and R8pe3C or RspeSQ were amplifled by 
PCR using the genomic DNA from the biological clone A8 from B. canls as DNA template. 
These genomic fragments corresponding to the two copies from the biological done AS 
were digested by various restriction enzymes In order to compare the restriction maps of 
the Bc2&.1 coding sequence and of the Bc2B.2 coding sequence (Figure 8, A) within the 
20 A8 biological clone. 

As previously showed, such PCR-RFLP analyses revealed that both copies shared 
some restriction sites, especially In their 5' end. The main differences batavean the two 
copies are the lack of two Hlnfl and a single M^} restriction sites at the 3* end of the 
Bc^.2 coding sequence. At the 5' end of the two copies, the only difference is the lade of 
25 an EcoRi restriction site at the 5* end of the Bc28.2 coding sequence (l^gure 8, A). 

1 .2.2.4.3. Comparison at the amino acid level 

Comparative analysis of the products encoded by the coding sequences of Bc28.1 and 
Bc28.2 was performed (Rgure 1). An ORF of 244 and 256 amino acids was predicted for 
30 the Bc28.2 and Bc28.1 genomic sequences, respecUvely (Figure 1). The two ORPs were 
different in size since, vtrtiereas both begin at the same nudeotide position (position 50}» 
the Bc28.2 ORF finishes with a TGA stop codon at position 784 and the Bc28.1 ORF 
finish with a TAA stop codon at position 820 of their nucleotide sequences (Figure 3).^As 
previously described, the percentage homology between the two predicted proteins was 
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determined with the complete sequence or with the N-temrilnal or C-temiinal of the 
proteins {Table 1), using the BlastP program. Comparison of the two complete proteins 
(on 244 residues) revealed a global homology of 91%. As previously described, whereas 
the N-tenminal part of the two proteins was found to be very conserved (97 % homology 
5 between the first 180 amino adds fham the two proteins), their C-temiinal parts were 
found to be more polymorphic with an homolc^y of 73 % In the last 64 amino adds. 



1 .2.2.4.4. PiedicavB analysis of the Bc2B.1 and Sc2a2 encoded pmducts 

The pnateins encoded by the B(^cDNA.1 has a predicted motecuiar weight of 28.3 ld3a 

1 0 (and a pi of 6.24) whereas the protein encoded by the Bc28.2 coding sequence has a 
prodlcted molecular weight of 27.5 kiSa (and a pi of 9.30). 

Analysis of hydrophobicity profile (Figure 9) revealed no internal hydrophobic 
sequence for both proteins. However, they both shared an N-temilnal hydrophobic 
segment that corresponds to a signal peptide, A cleavage site is present between the 

1 5 and V^'" residues. In contrast to the Bc28.2 protein, the Bc28.1 protein contained another 
hydrophobic segment located at the C-terminal end of the protein (Figure 9). This G^^^ 
hydrophobic segment is a GPI andtiw. 



In conclusion: The two genomic copies Bc28.1and Bc28.2 from the multlgene 
20 family are predicted to encode products of around 28 kJDa. Both proteins contain a 
deavable signal peptide at their N-temilnal parts. A GPI anchor Is present on the 
C-temninal part of the Bc28.1 protein, but not at the C-temilnal part of the Bc28.2 protein. 
The two related Bc28.1 and Bc28.2 nucleotide sequences, like their deduced amino acid 
sequences, are strongly conserved in their 5' moiety, but are very polymorphic in their 3* 
25 moiety. 



''•2.3. Polymorphism of the Bc2 8.1 and Brt?ft.2 coding sequences hetwean 
oeoarePhtcallv and gen etically disnareta B. oante field isolate? 

1.2.3.1. Comparison of restriction maps of the Bc28.1 and Bc28.2 coding 
30 sequences by PCR-F(FLP 

Specific genomic fragments corresponding to the coding region of the Bc28.1 and Bc28.2 
coding sequences between the primers FspeS and Rspe3C or Fispe3G were amplified by 
PGR using the genomic DMA from the French a canis Isolates A8. B, CastiBS. Oignac, 
34.01 and Robin as DMA template. These genomic fragments conBspondlng to the tiwo 
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copies from the isolates A8. B, Robin, Castres, GIgnac and 34.01 were digested by 
various restriction enzynnes In order to compare the restriction maps of the Bc28-1 and 
Bc28.2 coding sequences (Figure 8. B, C respectively) between Isolates. 

5 1 .2.3. 1 .1 . Comparison of the Bc28. 1 coding sequence restriction maps 

This PCR-RFUP analysis of the PGR fragments amplified vrtth the combination of primers 
FspeS/RspoSC revealed an important conservation of the restriction maps between the 
Bc28.1 coding sequences from the various available isolates (Figure 8, B). 

10 1^3.1.2. Comparison of restriction maps of^e Bc28.2 coding sequence 

Like for the Bc28.1 coding sequence, the PCR-RFLP analysis of the PCR fragments 
amplified with the combinations of primers Fspe3/Rspe3G revealed an Important 
conservation of the restric^on maps between flie potential Bc28.2 coding sequence from 
the various Isolates (Figure 8. C). 

15 

1 Ji,3.2. Sequencing of the Bc28.1 coding sequences from different isolates of B. 
canis 

To confirm the conservation of the Bc28.1 coding sequences betuveen geographically and 
genel]cally disparate a. cams field Isolates, the coding region (/.e. between prlmere 5'UTR 
20 and RspeSC) of the Bc28.1 coding sequence from the Isolates AS, Robin, Castres, B and 
34.01 were amplified by PCR, cloned, sequenced, aligned and compared tioth atthe 
nucleotide (Figure 4) and amino add levels (Figure 2). 

1 .2.3.2.1 . Comparison at the nucleotide level 

PCR witti the of primer-ooupfe 5'UTR/Rspe3C amplified a 852 nucleotide length genomic 
25 Bc28.1 sequence for the isolates B, Robin and A, and a 849 nucleotide length genomic 
Bc28.1 sequence for the Isolates 34.01 and Castres (Figure 4). The percentage of Identity 
at the nucleotide level between these Bc28.1 sequences, in palrwise alignments using the 
BlastN program. Is comprised between 100 % (A8 and Robin are the closest) and 97 % 
(Table 4), indicating a strong conservation of the coding sequence between isolates of S. 
30 canls. 



I 
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1 .2.3.2.2. Comparison at Ihe amino acid level 

Comparative analysis of the protein encoded by the Bg28.1 coding sequence from these 
different isolates was perfonned (Figure 2. Table 2). An ORF of 256 amino adds was 
obtained for the Isolates B, A and Robin whereas this ORF was of 255 amino acids for the 
5 Isolates 34.01 and Castres (Figure 2). As previously described, the homology between the 
different Bc28.1 proteins, determined in palnwise alignments using the BlastP program, 
was very strong, between 100 % (A and Robin) and 97 % (Table 2). 

In conclusion: analysis of the restriction maps from the Bc28.1 and Bc28.2 coding 
1 0 sequences from B. canis show a strong conservation of each sequence between the 
different Isolates. As all these Isolates were collected In France, this conservation might 
be due to the fact that these isolates all came from the same country, even if they 
originate from different region. IHowever, evidences suggested that these isolates aiB 
genetically disparate B. cants field Isolates. Indeed, their drviomosomal content analysis 
1 5 revealed that all these isolates have a specinc diromosomai profile. Moreover, the 

analysis of the polymorphism of the Bca8.1 coding sequence by a PCR-^RFLP experiment 
was performed on around 60 blood samples collected from infected dogs In all parts of 
France and In other European countries (Germany and Hungary). Such analysis with field 
samples did not show the identification of other restriction patterns that the ones 
20 described in this report, in agre^ent with a good conservation of this coding sequence 
between geographically and genetically disparate a oanis field isolates. 

This conservation between the Bc28.1 coding sequences and deduced proteins for 
the different isolates was confirmed by sequencing. It revealed an homology between the 
different coding sequences (Identic) and encoded proteins of over 96%. 



25 
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EXAMPLE II: BIOCHEMICAL CHARACTERIZATION OF THE Bc28.1 AND 
BC28.2 PROTEINS 

5 2.1. TECHNIQUES USED 

2.1.1. Expression and purification of GST"Bc2a.2 and His-Bc2a.1 rBcomblnant proteins In 
E- colL 

2.1 ,1 -1 . Producfion of His-tagged Bc28.1 recombinant proteins 

Two recombinant HIstldlne tagged-Bc28.1 proteins, without the N-fermlnal part of Bc28.1, 
1 0 with and without GPI anchor at the C-termlnal part, were designated Hls-Bca8.1 C (V^®- 
V^) and HIs-Bc28.1 (V^^-K^) respectively. These prcftelns were purified by afflnily 
chromatography on Ni-NTA beads under denaturing conditions for the His-Bc28.1C 
protein or under native conditions for the His-Bc2B.1 protein, according to the 
manufacturer's instructions (Qiagen). 

15 

2.1.1.1.1. Hfe-Bc2&fC 

The BC28.1C cDNA sequence without its N-termlnal part (nt 104-865 from the entire 
cDNA or nt 83-844 from the 5'UTR/Rspe3c segment) was ampltfled by PGR using a cDNA 
library from Babesia canls (Isolate A) as DNA template. This cDNA library was 

20 constructed, as described In Garret et al. (1999, Eun J. Biochem., vol., 285, p. 101 5- 
1021), with the ZAP Express(© cDNA Glgapacl^ 11® Gold Cloning idt (Stratagene). PGR 
was performed using internally modified primers S.lexpfor and 3,1exprevC, These 
primers contain respectively a BamH[ and HindiW restricfion site to allow the cloning of the 
amplified sequence in BamH\/Hindl\l digested pQE-30 vector (Qiagen) in frame with the 

25 His-tag present In that plasmid. Then, the PGR product was purified by agarose gel 
electrophoresis, by loading onto a 0.8% agarose gel (electrophoresis grade, Eurobio, 
France) running In 0.5x TAE (made from 25x TAE stock solution, Euromedex) at lOOV. 
The band con^ponding to the desired product was excised from the gel and the DNA 
was Isolated from the gel slices using a gel-extraction Spin Icit® (Q-Blo-Gene). it was then 
30 digested with BamHl and Hindlll and gel purified agaln^ The resulting fragment was 

ligated into dephosphoryiated BamHl/H/ndlli digested pQE-30 vector, by ligation with T4 
DIMA Ugase (MBI Femnentas, France) In 1x Ilgase buffer (MBl Femnentas) supplemented 
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with 2mM ATP (Sigma), at room temperature during 3 liours. The ratio vectoninsert was 
usually 1:3, wherein the amount of digested vector used was between 0.5 and 1|jg. • 

The ligation mix was transformed into Ji\A109 superoompetent® £. coll cells 
(Promega), These cells were plated on ampiclllin containing agar plates, and colonies 
5 were checked for expression of Bc28.1 C protein by protein mini-expression and the 

recombinant protein (His-Bc2a,1C; nt 118-838 from the entire cDNA, or nt 98-817 from the 
5'UTR/Rspe3C segment; V^^-V^^) was purified by affinity chromatography on NI-NTA 
beads under denaturing conditions. Briefly, a small scale (5 ml) bacterial culture In LB 
medium was Initiated by 10-fold dilution of an overnight culture. After 2h incubation at 

10 ST'C with shaking, recombinant protein expression was induced by addition of 1 mM 

IPTO (Euromedex). After 3h of inducBon, cells were harvested by centrlfugation (15 min. 
4000xg) and lysed in 1 ml of denaturing buffer (8 M urea, 1% vA^ Triton X-100, 50 mM 
Tris, pH 8). Lysates were sonicated for 2 minutes with 2 second pulse-pause Qrcle on ice, 
and centrifuged (10 min, 15000xg). Clarified lysates were incubated 20 min on ioe with 

1 5 occasional shaking in the presence of 50 |jl Ni-IS!TA agarose resin (Qiagen). Loaded resin 
was washed thrice with 1 ml of washing buffer (8 iVI urea, 1% v/v Triton X-100, 50 mM 
Tris, pH 6.3) and protein eiuted with elution buffer (8 IVI urea, 1% v/v Triton X-100, 50 mM 
Tris, pH 4.5). The presence of recombinant protein v^s assessed by SDS-PAGE in 12% 
polyacrylamide gel, which was stained with Coomassie Brilliant blue (CBB) and by 

20 Western blot with antl-His tag monoclonal antibody (Qiagen). 

Prior to large scale producBon of Hls-Bc28.1C protein, one colony positive for 
Bc28.1Cexpresslon was selected to check the correct in frame fl^lon of the Bc^S.IC 
core with the 6xHis linker. 

In condusion: a bacterial culture was produced by overnight incubation In 2 ml of 

25 LB medium, at 37X with shaking, and plasmid pQE-Hls-Bc28.1 C was isolated using the 
JetQuick® miniprep kit (Q-Bio-Gene). The con-ect In frOTie fusion of the Bc28.1C core 
with the 6xHis linker was chedced by sequendng. Once checked, the Bc28.1C protein 
was produced to a larger scale with the same protocol. 

30 

2.1.1.1.2. His-Bc2a.1 

The Bc28.1 cDNA sequence deleted from both the N and Otemiinai parts (nt 104-787 
from the entire cDNA or nt 83-766 from the S'UTR/RspeSC segment) was amplified by 
PGR using internal modified primers 3.1expfor, and 3.1exprev as described above. These 
35 primers respectively contain eamHI and H/ndlll restriction sites to allow the ctoning of the 
amplified sequence in Bamhn/HlndlW digested pQE-30 vedor In frame with the His-tag. 
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The ligation mix was transformed Into E, coll cells, cells were plated, and colonies were 
checked for expression of Bc28.1 protein by protein mini-expression, as described above. 
The recombinant protein (Hl5-Bc28.1; nt 1 18-769 from the entire cDNA or nt 83-766 from 
the 5'UTR/Rspe3C segment; V^^-K^^) was purified by affinity chromatography on Ni-NTA 

5 beads under native condition. Briefly, a bacterial culture In LB medium was initiated by 10- 
fbid dilution of an overnight culture, after 2h Incubation at 37''C with shaking, recombinant 
protein expression was induced by addition of 1 mM IPTG (Euromedex). After 3h of 
Induction, ceWs were han/ested by oentrifugation (15 m!n. 4000xg) and resuspended in 
Histag 1^1$ buffer containing 1% Triton X-100, 1 mg/ml lysosyme and 1 mM phenyl 
10 methyl-sulphonyl fluoride (PMSF) (Sigma). Lysate was stored at -80**C until use. After 

thawing, 500 U DNAse I enzyme (Ufa Technologies) was added, incubated 20 min on Ice, 
next the suspension was sonicated on ice for 2 min with 2 second pulse-pause cycles. 
The sonicate was centrifuged (20 min, 9000xg) and the supernatant was filtered 
sequentially through 1.2, 0.45 and finally 0.22 \xm filters (Pall Gelman, France). Rnaliy, the 

15 filtrate was separated on FPLC NP HiTrap® columns (Pharmacia). The loaded column 
was washed witii Histag lysis buffer suppieme nted with 20 mM imidazole (Sigma). The 
iBoombinant Bc28,1 protein was finally eluted in IHlistag lysis buffer containing 200 mM 
imidazole. 

20 The His-Bc28.1 C protein purified under denaturing conditions was injected Into a 

rabbit to produce a polyclonal serum (a-HisBc28.1C) and the His^Bc28.1 protein purified 
under native conditions was used for the erythrocyte binding assay (section 2.1 .4.). 



25 2.1 .1 .2. Production of a GST-tagged Bc28.2 recombinant protein 

A GST-BC58.2 recombinant protein was produced by subcloning the 3' end part of the 
Bc28,2 coding sequence In frame with GST. Firstly, the recombinant PCRII-TOPO cloning 
vector carrying the partial Bc28.2 sequence was digested with ttie restriction enzymes 
8amHI/£coRI (the 5'BamHI site is from the vector and the 3'6coRI site is from the primer 

30 E4). This Ha/nHI/EcoRI fragment was purified by agarose gel electrophoresis as 

previously described, it was excised from the gel and the DNA was Isolated from the gel 
slices using a gel-extraction Spin lUt® (Q-Bio-Gene). The resulting fragment was ligated 
Into the dephosphorylated BamHl/EcoRI digested pGEX-4T3 vector (Amersham- 
Phannada), by ligation with T4 DNA llgase (MBI Fermentas, France) in 1x ligase buffer 

35 (MBI Fermentas) supplemented with 2mM ATP (Sigma), at room temperature during 3 
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hours. The ligation mix was transformed into E. ooU BL21 cells (Novagen) and these cells 
were plated on ampicillin containing agar plates overnight A positive coloriy was selected 
using PGR with the primers pr 3/E4 and itwas induced by IPTG to chedcfor expression of 
GST-BC28.2 protein. Thus, the positive bacterfai culture was grtjwn overnight and diluted 
5 1 :1 0 with LB medium supplemented with ampldliin at 50 pgAnl. The culture was incubated 
ibr 1h at ST^C and then Incubated with 0.1 mlVI IPTG during 3h. CelJs weiB harvested by 
centrifugafion (15 min. 4000xg) and iysed by sonication in IVITPBS (150 mM NaCi. 16 mM 
NaaHPCM. 4 mM NaHaPCH, pH7.3) with 1%Triton X-100. The recombinant protein was 
purified by affinity chromatography glutathione-agarose beads (Sigma) and eluted by 
10 competition with reduced glutathione, l.e. in a buffer containing 50 mlW Tris (pH 8) vtflth 45 
rtiM glutathione (Smith & Johnson, 1 988, Gene, vol. 67, p. 31-40). 



2.1.2. Immuniaation 

A polyclonal antiserum raised against the GST-Bc28.2 or against the Hls-Bc28.1C protein 
15 was produced respectively In mice and in a rabbit according to E. Harlow & D. Lane 
CAntibodles: a laboratory manual". ISBN 2907518159). iRabbits (New Zealand White) 
were Immunized with 50 ng of purified His^c28.1C recombinant proteins emulsffled In 
Freund's Complete Adjuvant (FCA) (Sigma) subcutaneously for the first injection, and by 
Intramuscular injection for the two subsequent times using Freund's Incomplete Adjuvant 
20 (FIA) (Sigma). Baib/C mice were inbraperitoneaiiy immunized with 15 pg of GST-Bc28.2 
emulsified in FCA for the first injection and in FIA for the two subsequent times. Ir^ecHon 
of the animals was perfomied at 3-week inten/als and the bleedings were dorie 8 days 
before each immunization. 



2.1.3. immunological methods 
2.1.3.1. Immunoblotting 

Immunoblotting was perfomied with purtfled B. cants merozoltes prepared as described in 
Drakulovsid etal. (2003, infect. Immun.. vol. 71, p. 1056-1067). The merazoites were then 
30 processed for electrophoresis and the proteins were separated by 1 5% SDS-PAGE. 

Immunobiottlngs were revealed using a 1:100 dilution of the polyclonal semm a-Bc28.1C. 



10/07 
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2.1 .3.2. Indirect immunofluorescence assays (IFA) 
IFA were performed on S. canis parasitised erythrocytes (5% of parasitaemla) as 
described In Dral<ulovsl<i etaL (supra) using a 1:100 dilution for the polyclonal serum a- 
Bc28.1C. Slides were mounted with Citifluor® solution (Citlfluor Ltd, London, UK) for 
5 limiting extinction fluorescence and the fluorescence y^as detected using a fluorescence 
microscope (Axioscope, Zeiss). 

2AJ3.3. [35S]-methionlne or [3H]-ethanolamine radlolabeling of B. cants culture 
and immunoprecipltation 

1 0 [^Sl-methlonlne radiolabeling of in vitro cultures of S. canIs and immunoprecipitation 

experiments were performed as described in Dralculovski et al. (supra). Briefly, the t^SJ* 
methionine-radiolabeilng was performed with 50 jiCl/ml (1200 Ci/mmol, Amersham- 
Pharmacla Biotech) and a 5% starting parasitaemla. Fractions used from S. cams for 
immunoprecipitation experiments were: total, culture supematant (SPA), infected- 

1 5 erythrocyte stroma, purified merozolte, Triton 14 aqueous (soluble and hydrophilic 
antigens), and Triton X-114 detergent (insoluble and hydrophobic antiger)s) fradjons, as 
source of radiolabeled antigens (lO^cpm). The (fH]-ethanoIamIne radlolabeling of ttie in 
vitro culture from B. canis was perfonned with 50 ^Ci/ml of radiolabeled component (25 
pCI/mmol, Amersham-Pharmacia Biotech) with a 5% sterling parasitaemia and immuno- 

20 precipitetlon experimente were performed with the totel and SPA fractions as the source 
of ifHl-ethanoiamlne radiolabeled antigens (10^ cpm) from B. canfs. 

2.1.3A Protein phase separation by TX-114 treatment 
The proteins of B. canis from the |^S]-methionine radiolabeled merozolte and infected 
25 erythrocyte stroma fractions were phase separated in Triton X-114 (Sigma) as described 
In Preclgout etal. (1991, Infect. Immun., vol. 59, p. 2799-2805). 



2.1.4. Erythrocyte binding assay 
30 1 00 pg of Hls-Bc28.1 protein or Hls-GST (as a control) were purified under native 

condition according to the manufacturer's Instructions (Qiagen). They were then Incubated 
wltii 50 pi of canine red blood cells in 1 ml of PBS during 1h at room temperature. 
Eryttiroc^es were harvested by centrifugation (2 min, 200xg) and resuspended in 200 pi 
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of PBS, The suspension was then layered onto a 400 ul sificon oil cushion (Aldrich). After 
centrlfugatlon (4 min. 3000xg), the supernatant and the silicon oil were discarxled and the 
proteins bound to erythrocytes were eluted by 75 yl of 0,5 M of P04NaCI. Eluted proteins 
were resolved by SDS-PAGE and detected by an anti His-tag monoclonal antibody 
5 (Qiagen) at a 1/20.000 dilution in Western blot using the SuperSignal West Pico 
Chemoluminescent Substrate tat according to manufacturer's InstrucOons (Pierce). 



2-1.5. Analysis of parasitic antigens localised n n the surfaea of fl. ean/sJnfeff ft^rt 
10 erythrocytes 

An /n Vitro culture of a csnfe was firstly radiolabeled with ^Sl-melhlonine as previously 
described. Erythrocytes were then collected and were biotinylated in a sorution of EZ link® 
sulfoLC NHS biotin (Pierce) (1M in PBS, pH 7.2) during 30 min at room temperature. 
Then, erythrocytes were washed three times with PBS and the biotinylated extract was 

15 passed on a silicone oil cushion (Aldrich), to eliminate lysed erythrocytes. After a 

centrlfugatlon (20 min, 700xg), intact erythrocytes from the pellet were washed with PBS, 
lysed and processed for hnmunopredpltatlons experiments as described in DrakulovskI ef 
al. (supra). Imnnunoprecipitations were perfbmned with the a-Bc28.1C antiserum as 
previously described or with vacdnated/chalienged serum. These vaccinated/challenged 

20 sera had been produced by giving dogs three vaccinations with an SPA. followed by a 
homologous challenge. Such sera had been produced for B. cants isolate A (a-A). isolate 
B (a-B). and B. ross/ isolate F (a-F) parasites. The corresponding pre^lmfnuho dog sera 
were also tested as negative controls. Then, immunoprecipitated proteins were separated 
by SDS-PAGE and the gel. rather than to be treated for revelation of Immunopredplfatlon 

25 experiments, was blotted on a nitrocellulose membrane. Biotinylated proteins from the 
surface of erythrocytes were then revealed by incubating the membrane with a 
Streptavldih-POD component (l^che) at a 1/2000 dilution and by using the SuperSlgnal® 
West Pico Chemoluminescent Substrate idl according to the manufacturer's instructions 
(Pierce). Once the total biotinylated proteins from the surface of the red blood cells were 

30 revealed, the Western blot was autoradiographed on Blomax MR film (Eastman Kodak 
Co) in order to certify the parasitic origin of the bioBnyiated proteins. 
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2.1 .5.1 . Determination of the ste'ength of erythrocyte-membrane binding 

In an attempt to analyse if the potential surface antigens from S. canis immunoprecipitated 
by the a-Hls-Bc28.1C antiserum were only attached stuck on the surface of the 
erythrocytes rather than being a true surface integrated antigen, the strength of their 

5 Interaction with the surface of Infected erythrocytes was evaluated. Erythrocytes from an 
In vitro culture of a cante were radiolabeled^ blotinylated and passed through a silicon oil 
cushion, as previously described, intact erythroc^es were collected, Incubated with an 
equal volume of NaCI at a concentration varying from 0.5 to 2M during 2 min at room 
temperature. Then, the eluate was analysed In Westem blot with the a-Hls-Bc28.1C or 

1 0 with the pre-lmmune serum as control. 



2.2. RESULTS 

Z2.1. BiQchemfcal charadBrization of the Bc28.2 protein 

1 5 The 504 bp Bc28.2 clone, was cloned in the pGEX vector to produce a purified GST- 
BC28.2 recombinant protein of around 35 kDa (Figure 10, A) that was used to produce a 
polyclonal antibody in mice. This a-GST-Bc28-2 serum reacts weakly but specifically In 
Immunopreclpitation wrth a45 kDa protein In the total firactlon (Figure 10, B, lane 3, 
Indicated by an asterisk). This 45 kDa protein was also detected by the serum In the 

20 merozoHe ftacBon but not in ttie stroma and SPA fractions of B. canls (data not shown). 
As controls, an unrelated antW3STBcvfr15 was reactive only with Its 15 kDa protein 
(Figure 10, B, lane 1) and the pre-lmmune sera were negative (Rgure 10. B, lanes 2 and 
5). The 28/26 kDa doublet of proteins immunoprecipitated by the a-'Bc2B.1C were never 
immunoprecipitated by tiie a-6ST*Bc2B.2 serum. Similar results were obtained with 

25 isolate. B of B. canls. 

In conclusion: the a'GST-Bc28.2 serum reacts with a 45 kDa protein but not with 
the 28/26 kDa protein doublet recogni^d by the a-HlsBc28.1C serum. 



2.2.2. Biochemical characterizatton of the B cSBA protein 
30 Two recombinant Histidine tagged-Bc28.1 proteins, without the N-terminai part of Bc28.1 , 
but with our without the GPI anchor at the C-termlnal part, designated HIs-Bc28,1 C (V^®- 
and His-Bc28.1 (V^^-K?^^) respectively, were purified (Figure 12). The Hls-Bc28.1C 
protein was purified under denaturing conditions and was injected in a rabbit to produce a 
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polyclonal serum (a-HlsBc28.1C). The Hls-Bc28.1 protein was purified under native 
conditions and was used for the erythro^rte binding assay. 



5 22 . The Bc28.1 protein Is a GPI anchor protein 

A metabolic labelling of a B. oanls lysate with ["Hl^thanolamlne, confinned the GPI nature 
of the hydrophobic C-tenninal peptide of Bc28.1 product since a single ^ labeled protein 
of 28 kDa was specifically immunopredpltated with the a-HlsBc28.1C seram (Rggre 13, 
C, lane 2). The pre-immune serum was unreacGve (Figure 13, C, lane 1). 



2.2.3. Resettles of the a-HlsBc28.1C sem m In jmrnunopredpitalion assay R 

2.2.3.1 . Reactivity on total antigens and soluble parasitic anHgen (SPA). 

A doublet of 28/26 kDa was recognised in the total fracHbn of a canls by the 
1 5 a-HisBc28.1C serum but only the 26 kDa protein was detected In the supernatant, i.e. 
SPA fraction (Rgure12, A, lanes 2). Moreover, this doublet of 28/26 kDa proteins 
corresponded to proteins that were specifically recognized by the antl-A 
vaccinated/challenged semm (Rgure 13, A. lanes 3). Pre-lmmune sera from rabbit or dog 
were unreadlve (Rgure 13, A, lanes 1 and 4, respectively). 

20 

2.2.3.2. Reactivity on fractionated antigens 

[^S]-methlonlne radiolabeled parasitised red blood cells were lysed with streptolysin. The 
sample was centrifuged and the supernatant (erythrocyte stroma fraction) was collected. 
The pellet (merozolte mixed with ghost) was processed through a Percoll gradient to 

25 collect enriched fractions of purified radiolabeled merozoites (merozolte fraction). One part 
of the merozolte and Infected eiythrocyte stroma fractions was used for phase separation 
of the proteins In TX-114. Immunoprecipitatlon experiments with the a-HisBc28.1C serum 
were performed using erythrocyte stroma and merozoite fractions and their corresponding 
TX-114 aqueous- (soluble antigens. Indicated Aq.) and determent- (Insoluble antigens, 

30 indicated Det.) fractions, as sources of radiolabeled antigens of a canls (Figure 1 3. B). 

This shows that the a-HlsBc28.1C seaim (Figure 13. B, lanes 2) detects the 28 
kDa antigen in the merozolte fraction and that this protein is present In the detergent 
phase, suggesUng if s an insoluble antigen (Rgure 13, B, lane Det). In contrast, the 26 
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kDa antigen is detected in the stroma of infected erytlirocyte and this protein is present In 
the aqueous phase, suggesting Ws a soluble protein (Rgure 13, B, lane Aq), 
Similar results were obtained with the isolate B (data not shown), 

5 2.2A LocaHzatlon of the Bc28.1 protein bv immunofluorescence assays 

The pattern of fluorescence of the a-HteBc28.1C serum on fixed Infected erythrocytes 
from the Isolate A of S. canis (Figure 13, D) shows a merozolte surface labelling (picture 
11, as indicated by an arrow). Moreover, a strong labelling of vesicles that are present In 
the stroma of the infected erythrocyte was also obtained (Picture I, Indicated by an arrow 

10 on the tetrad fonm). 



2-2.5. ReoQonltion of Bc28.1 by a B. ross/ antiserum 

A vaccination/challenge serum against B. rossi, isofate F, was used in Immunopreci' 
pitation of labeled S. canis isolate B total antigens, which antigens had first been' 
15 separated with TX-1 14 Into a hydrophobic (detergent) and a hydrophilic (aqueous) phase. 
This heterologous antiserum precipitated the 28 kDa from of Bc28.1 in the hydrophobic 
phase, and both the 26 and the 28 I^Da fonm In the hydrophilic phase (Figure 1 1, lanes 3 
and 7), all visible Just below the indicated 30 WDa marker band location. Positive and 
negative control antisera are included. 

20 

2.2.6. The Bc28,1 protein binds to erythrocytes 

The ability of the Bc28.1 protein to bind to the surface of Infected erythrocytes was 
detemnined by performing an erythrocyte binding assay (Figure 14, A). As presented In 
Figure 14 (A, lane 2), the His-Bc28,1 protein was detected In Western blot by the antl-His 
25 monoclonal antibody, indicating that this protein is able to bind to canine erythrocytes. As 
control, no reactivity was observed when the test was perfomned with the unrelated 
His-GST (Figure 14, A, lane 1). 



2.2,7. The Bc28.1 protein Is an erythrocyte surface antigen 
30 Blotinylated Intact erythrocytes, resulting from a f ^Slnmethlonine radiolabeling of an In 
vitro culture of S. canis (isolate A), were lysed and processed for immunopreclpltations 
experiments with vaccinated/challenged serum against the isolate A of B, canis (a-A) or 
with the a-HlsBc28,lC antiserum, and with their conresponding pre-immune sera. 
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Immunoprecipitated proteins were separated by SDS-PAGE. the gel was blotted on a 
nitrocellulose membrane and btotinylated proteins from the surface of erythroc^es were 
revealed (Figure 14, B, 11). Once the total btotinylated proteins from the surfece of the red 
blood ceils were revealed, the Western blot was autoradiographed in order to certify the 
5 parasitic origin of the biotinylated proteins (Figure 14. B, I)- Whereas the a-HisBc28.1C 
antiserum Immunoprecipitated a 28/26 kDa doublet of proteins (Figure 14, B, 1, lane 2), 
this experiment showed that only the 28 kDa protein was biotinylated (Figure 14, B, II, 
lane 2). Indicating that the 28kDa protein from the doublet is an Integrated surface 
erythrocyte antigen of a canls. This bioOnylated 28 kDa protein was also 
10 Immunoprecipitated by the a-A semm (Hgure 14, B. II, lane 3). Pro-immune sera were 
negative (Figure 14, B. lanes 1 and 4). 



2.2.7.1 . Defermlnatlon of the strength of erythrocyte-membrane binding 

In an attempt to analyse If the 28.1 surface antigens from S. cam's immunoprecipitated by 
15 the a-Hls-Bc28.1C antiserum was only attached to the surface of the erythrocytes rather 

than being assodated vrfth It, the strength of the Interaction with the surface of infected 

erythrocytes vtfas evaluated. 

Radiolabeled and biotinylated intact erythrocytes were treated with an NaCJ 

solution at a concentratiOT varying flrom 0.5 to 2IW. This showed the 28 kDa protein was 
20 not eluted from the surface of the erythrocyte even at a 2M concentration of NaCI. This 

proves that it is a true surface integrated antigen of S. canls. 



in conclusion: the biochemical characterization of the Bc28.1 protein showed that 
the aHisBc28.1C serum recognized a 28/26 kDa doublet of proteins. 

25 Both the 28 and 26 kDa proteins are recognized by immune serum of dogs 

Infected by S. canls, suggesting that they are exceflent candidates for a recombinant 
vaccine against Infection with Babeslidae. 

The data Indicate that the 28 kDa Is an Insoluble protein with a GPI-anchor. The 
protein Is associated with the surface of the merozolte and the InfecAed erythroQfte. The 

30 26 kDa protein Is a soluble parasite antigen (SPA) that was IdentWed in the Infected 
erythrocytic and supernatant fractions. The characterisation of the 26 kDa protein as a 
secreted protein Is in agreement with the presence of a cleavable peptide signal at the N- 
tennlnal part of the Bc28.1 protein and with the presence In vesicles within the 
erythrocytes stroma as detected by IFA. 
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Firstly, the data Indicates that the Bc28.1 protein binds to erythrocytes, Indicating 
an Interaction of this protein with a llgand from the surface of the erythrocyte. As the 28 
kDa product \a^s demonstrated to be associated with the surface of tfie meroroite, it 
Indicates ttiat Its infection of an erythroc^ involves this 28 kDa protein. 
5 Secondly, the data shows also that the 28 kDa fonm is a surface located antigen. 

This analysis might also detect soluble antigen that attaches to the surface of infecAed 
erythfoqrtes. However, the fact that treatment of intact erythrocytes with a 2M solution of 
NaCI was unable to elute the Bc28.1 protein and that the biotlnylated surface antigen 
detected is a 28 kDa protein {i.e. the form that Is not a soluble antigen), proves that the 28 
10 kDa protein Is finmly associated with the infected erythrocyte's outer membrane. This Is 
indicative of a function of the protein In the binding and coagulation of (infected) 
erythrocytes. Indeed, agglutination of Infected erythroc^es was already described for a 
canis (Schetters et al, 1997, Parasitology, vol. 115, p. 485-403). Thus the Infected 
erythrocyte's surface located 28 kDa protein binds to an (Infected) erythrocyte component 
15 in order to fonm aggregates ttiat enable the parasite to infect new erythroQ^es without 
becoming exposed to the organism's immune system. 

The two functions of the 28 kDa form of the Bc28.1 protein deduced from these 
data {Le. invasion and coagulation) Indicate that this protein plays a crucial role In the 
20 survival of the parasite. Indeed, these two mechanisms are essential for the parasite to 
evade the host Immune system. 
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EXAMPLE III: VACCINATIONS WITH Bc28.1 AND Bc28.2 PROTEIN SUBUNIT 
VACCINES 

3.3. TECHNIQUES USED 
5 3.3.1. Animals 

Male and female dogs, for Instance Beagles of 6 rrmnfhs old. will be housed in the proper 
mdltties. Several groups will be fomned of appropriate size, isased on random assignment 
Blood samples will be taken before the start, and at several times during the experiment 
The animal's general health will regularly be checked. 

10 

3.3.2. Vaodnes 

Bc28.1 and/or Bc28.2 protein wIU be produced for instance in a baculovirus expression 
vector sj^tem or In the Roche in vitro expression system. Proteins wiU be characterised 
through Western blots, quanfliated prefmbly by an Ellsa, and formulated, preferably with 
15 QuIIA. 

3.3.3. Vaccinations 

Dogs wfll reoeive a single dose of vaccine, at two fime points, with an Interval of 
approximately three weeis. Ir^ectlons will be subcutaneous. 

. . . .^^'''®^'*'y'"tor^'*'tood samples win be dravwi, to prepare 
analysis, pr^erably by Ellsa. 

At approximateiy two weeks after the second vacclnatton a <diallenge infecQon will 
be given, using an appropriate dose of live B. canls parasites. 

Animals will be monitored for clinical signs of Infection lor a period of 14 d^ after 
25 challenge Infection. Special attention will be given to behaviour, spleen size, size of lymph 
nodes, colour of the mucous membranes of mouth and eyelid, and the capillary refill time. 
Clinical scores will be expressed as a numeric value as described in Sdietters ef a/., 1984 
(Vet ParasHoi., vol. 52, p. 219-233). 

During the challenge obsenratton time, dally blood smears will be prepared from 
30 dtrated blood, these will be stained, and the number of parasite-infected erythrocytes will 
be counted. Dally haematocrit measurements will also be made. 

After 14 days of challenge Infection, dogs will receive chemoiherapeuHc treatment 
with Carbesia®, to cure the infection. 
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Legend to the figures 

Figure 1: Amino acid alignment of Bc28.1 and B<^8.2 proteins 

Identfties between the two sequences are indicated by asterisks and homologies by single 
5 or double dots. 

For Bc2a.1, the signal peptide located at the N-temrtinal part, and the GPI anchor located 
at the C-termlnal part are bolded. Their cleavable sites are Indicated by vertical anx>ws. 

Figure 2 : Amino acid alignment of Bc28.1 proteins from geographically and genetically 
disparate B. canls field isolates. 

Identities between the different sequences are indicated by asterisks and homologies by 
single or double dots. 

10 The signal peptide lotted at the N-terminal part, and the GPI anchor located at the C- 
terminal part of the Bc2QA proteins are bolded. 

Figure 3: Nucleotide sequence alignment of the nucleic acids encoding fhe Bc28.1 and 
Bc28^ proteins according to the invention. 

15 Identities between the two sequences are Indicated by asterisks. 

The position of the initiation and stop oodon for the Bc28.1 and the stop codon for the 
Bc28.2 sequences are indicated, the conesponding nucleotides are bolded. 
The location and 5-3' orientation of primers derived from the Bc28.1 and Bc28.2 
sequences are Indicated by arrows and bolded; for pr 3 there Is only a degenerated 

20 match. 

Figure 4 : Nucleotide sequence alignment of the nucleic adds encoding flie Bc28.1 
protein ftom geographically and geneQc^Ily disparate B. can/s field isolates. 
Identities between the two sequences are indicated by asterisks. 
25 The position of the initiation and stop codon for each of the Bc28.1 sequences are 
Indicated and bolded. 

The location and 5-3' orientation of primers are indicated by anrows, and bolded. 

Figure 5: Identification of the partial Bc28.2 genomic DNA fragment from S. can/s. 
30 The Bc28.2 genomic DNA fragment was isolated by PCR with primer-couple pr 3 and E4 
on genomic DNA from isolate A, of B. oanfs (lane 2). As negative a>ntrols, each of the 
primers pr 3 and E4 was also tested (lanes 5 and 6, respectively). 
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. Figure 6: Analysis of the specificity of reverse primers Rspe3C and RspeSG for their 
respective Bc28.1 and potential Bc28.2 coding sequences . 

PCR's were performed by using the A8 biological done of S. canis as DNA template. The 
5 specfficlty of the reverse primer RspeSC for the Bc28.1 coding sequence (1) and of the 
reverse primer RspeSG for the potential Bc28.2 coding sequence (II) was tested by their 
use in a PGR reaction with the forward primer Cons3.1 (A) or with the fonward primer 
Fspe3 (B). AmpKmers resulting from these PGR reacUons Oane PGR) were then digested 
with the restricUon enzyme HInfl (H) or MsU (M). (C) Recapitulative scheme of the 
10 deduced restriction maps of frie Bc2B.1 coding sequence, partial genon^c fragment 
Bc28.2 and Bc28.2 coding sequence. 

Figure 7: Molecular Identification of the Bc2a multigene family by hybridisation 
experiment 

1 6 The PGR fragment FSpe3/Rspe4 from the Bc28.1 cDNA sequence was used as a probe 
for hybridisation experiments. (A) Southern blot of genomic DNA from the isolate A of a 
canfe digested with the restriction enzymes Xbal (lanes 1). Xhol (lanes 2), Rsal (lanes 3), 
NoU Oanes 4) and EgoRI (lanes 5). (B) Northern blot of total RNA from the isolate A of B. 
canis. (C and D) PFGE separation of entire (G) or WofZ-dlgesied (D) chromosomes of the 

20 Isolates A and B of a canis. (I) Ethidium bromide staining of the gel. (II) Corresponding 
gels hybridised vtrttii tiie Bc28.1 probe. 

Figure 8: Recapitulative scheme of comparative restriction maps of ttie Bc28.1 and 
Bc28.2 coding sequences! 

25 (A) Gomparative restriction maps of the Bc2&1 and Bc28.2 coding sequences between 
tiiemselves within the biological clone A8 from B. canis. (B) Gomparative restriction maps 
of the BC28.1 coding sequence between geographically and genetically disparate a canis 
field Isolates. (0) Comparative restriction maps of the potential Bc28.2 coding sequence 
between geographically and genetically disparate B. canis field isolates. The restriction 

30 maps were performed on ttie basis of DNA digestion wUh Alul. EcoRI. Hinfl. Mbol and 
Mspl. 



35 



Figure 9: Predictive hydrophoblctiy profile of tine Bc28.1 protein 

The predicted N^rminal signal peptide and C-termlnal GPI anchor are boxed. 
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Figure 10: Identiflcation of the protein encoded by the Bc28.2 coding sequence of B* 
cams 

(A) SD&-PAGE of the purified QST-Bc28.2 recombinant protein. (B) Reactivity of the a« 
GST-B(£8.2 on protein extract from the total fracSon of t^S]Hfnethionine radiolabeliing of 
5 an In^vHro culture of B. canis (Isolate A). Immunopreclpitatfons were performed with the 
immune a-GST-Bcvlr15 (lane 1), pre-immune a-QST-Bc28.2 (lane 2), immune a-GST- 
Bc28.2 (lane 3), immune a-His-Bc28.1 (lane 4)» pre-immune a-HIs-Bc28.1 (lane 5) and 
immune a-l-lis-Bd37 (lane 6) sera. 

1 0 Figure 11 : Immunoprecipitatlons of hydrophillc and hydrophobic proteins of B. can/& 
Total, labeled and detergent separated antigens of B. canis isolate B were 
Immunoprecipitated with: a vaccination/challenge serum directed against S- canis isolate 
A (a-A, lanes 1 and 5), an immune serum directed against B. canis isolate B (a-B. lanes 2 
and 6). a vaccination/challenge serum directed against B, ross/ isolate F (o-F, lanes 3 

1 5 and 7), or an uninfected dog serum (N, lanes 4 and 8). 

Figure 12: Purification of recombinant HisBc28.1 proteins. 

8D&-PAGE of the purified recombinant Hls-Bc28.1C and His-Bc28.1 proteins. The His- 
BC28.1C protein was purified under denaturing conditions v^ereas the H[s-Bc28.1 protein 
20 was purified under native conditions. 

Figure 13 : Biochemical characterization of the Bc28.1 protein. 

Immunopredpitatlon experiments of [SSSl-methlonine (A and B) or [3H]-ethanolamine (C) 
radiolabeled antigens from canis (isolate A). Immunoprecipjtafions were perfomned with 

25 pre-immune arHis-Bc28.1C semm (lanes 1), immune arHls-Bc28.1 C serum (lanes 2), 
Immune a-A (from a dog vacdnated/chalienged with the isolate A of B. canis) serum 
(lanes 3) and pre-immune a-A serum (lanes 4). TritonOC1 14 insoluble (Dei) and soluble 
(Aq.) antigens from the merozoite and stroma fractions were immunopredpitated with the 
immune a-Hls-Bc28.1C serum. (D) Location of the B(^8.1 protein by immunofluorescence 

30 assays. AnxDws respectively indicate the labelling of vesicles within the stroma of infected 
erythrocytes (picture t) and of the surfoce of the merozoite (picture II). 

Figure 14: Analysis of the erythrocyte binding property of the Bc28.1 protein and of the 
surface erythrocyte located antigens of 5. canis. 
35 Erythrocyte binding assays were performed both with 100 pg of purified His-Bc28,1 

protein (lane 2) or His-GST (lane 1) that were incubated with canine red blood cells. The 



10/07 '03 



22:34 FAX +31 485 585287 INTERVET PATENT DEPT -» EPO RYSWm ©059 

059 10.07.2003 22:32:4 



52 



ability of each protein to bind to eryttirocyte components was revealed by an anti His-fag 
monoclonal antibody (Qiagen) at a 1/20.000 dilution In Western blot (B) ParasHfc antigens 
localised on the surface of a can/s-infected erythroc^es were analysed by 
immunoprecipitation experiments with thea-His-Bc28.1C senjm (lanes 1), immune a-HIs- 
5 Bc28. 1C serum (lanes 2), immune a-A (ft-om a dog vaccinated/challenged with the isolate 
A of 8. canis) serum (lanes 3) and pre-immune a-A serum (lanes 4), Briefly, blotfnylated 
and i^Sl-methlonlne radiolabeled Intact erythrocytes were lysed and processed for 
immunopredpitations experiments with the vacdnatad/chailenged serum against the 
Isolate A of B. oen/s (a-A) or with the a-HlsBc28.1C anflsemm, and with fhelr 
10 corresponding pre-lmmune sera. ImmunopredpHated proteins were separated by SDS- 
PAGE, the gel was blotted on a nitrocellulose membrane and biotinyiated proteins from 
the suri'ace of erythrocytes were revealed OO- Once the total biotinyiated proteins from the 
surface of the red blood cells were revealed, the Westenn blot was autoradtographed In 
order to oertily the parasitic origin of the biotinyiated proteins (I). 
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Claims: 

1 . Babesia protein, characterized In that said protein comprises an amino acid sequence 
having a homol<w of at least 70% with the amino add sequence from amino add 
posfflon 17 to position 180 In SEQ ID NO 2. or an Immunogenic fragment of ^id 
protein. 

2. Babesia protein acconiing to claim 1, characterized in that said protein comprises an 
amino acid sequence having a homology of at least 70% vwlth the amino add 
sequence as depicted In SEQ ID NO 2, or an immunogenic fragment of said protein. 

3. Babesia protein according to daim 1 . diaracterized In that said protein comprises an 
amho add sequence having a homology of at least 70% with tlie amino acid 
sequence as depicted in SEQ ID NO 4, or an Immunogenic fragment of said protein. 

4. I^udeic add, characterised in that it encodes the protein according to dalms 1-3, or 
an Immunogenic fiagment of said protein. 

5. Nucleic add according to daim 4, characterised in that it comprises the nudeic add of 
SEQ ID NO: 1. 

6. Nudeic add accorxling to daim 4. characterised In that it comprises the nucleic add of 
SEQ ID NO: 3. 

7. cDNA fragmwit comprising a nudeic add accordbig to dalms 4^. 

8. Recombinant DNA molecule comprising a nucleic acid according to claims 4-6 or a 
cDIMA fragment according to daim 7, under the control of a funcUonaliy linked 
promoter. 

9. Live recombinant carrier comprising a nucleic add according to claims 4-6, a cIDNA 
fragment according to claim 7 or a recombinant DNA molecule according to claim 8. 
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10. Host cell comprising a nucleic acid according to claims 4-6, a cDNA fragment 
according to claim 7, a recombinant DNA molecule according to claim 6 or a live 
recombinant carrier according to claim 9. 

11. Vaccine comprising a protein according to claims 1-3 or an immunogenic fragment of 
said protein, a nucleic acid according to claims 4-8, a cDNA fragment acconding to 
claim 7, a recombinant DNA molecule according to claim 8, a live recombinant carrier 
according to dalm 9 or a host cell according to claim 10, or a combination thereof, and 
a pharmaoeutlcally acceptable canier. 

12. Vacdne ac(»rding to dalm 11. charad^lsed In that It comprises an ac^uvant 

13. Vaccine according to claims 11-12, characterised in that it comprises an additional 
Immunoactive component or a nucleic acid encoding said additional immunoactive 
component. 

14. Vaccine according to claim 13, characterised in that said additional Immunoactive 
component or nudeic add encoding said additional immunoactive component Is 
obtained from an organism selected from the group consisting of Ehrlichia cenis, 
8abes^ gibsmti, B. vogeil, B. ross/, LjBl^nwnla donovanhcamptex. Cardne 
parvovirus, Canine distempervirus, Leptospira interrogans serovarcanlcola, 
iotemhaerm>frhaglae, panma, grippofyph<^. brsH^eva, Canine hepatitisvinjs. 
Canine Frarainfluenza^^rus. rabies vims, H^gatozoon'dmis arid Bomlla burgdorferi. 

15. Vacdne, characterised in that it comprises an antibody against a protein accoiding to 
claims 1-3 or an antibody against an immunogenic fragment of said protein, or a 
combination thereof, and a phamiaceutlcaily acceptable can-ier. 

16. Method for the preparation of a vacdne according to dalms 11-14, said method 
comprising the admlxingiof a protein according to claims 1-3, or an immunogenic 
fr^ment of said protein, a nudeic acid according to claims 4-6. a cDNA figment 
according to dalm 7, a recombinant DNA molecule according to claim 8, a Hve 
recombinant canrfer according to claim 9 or a host cell according to dalm 10. or a 
combination thereof, and a pharmaceuficaliy accepteble carrier. 
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17. Method for the preparation of a vaccine according to claim 15, said method 
comprising the admixing of an antibody against a protein according to claims 1-3 or an 
antibody against an Immunogenic firagment of said protein and a pliamriaceutically 
acceptable canier. 

18. Use of a protein acoording to claims 1-3 or an Immunogenic fragment of said protein 
for ttie manufacture of a vaccine for prophylactic or tlierapeuflc treatment of an 
Infection or its clinical signs caused by an organism of the family Babesildae. 

19. Diagnostic test for the detection of a nucleic acid associated with an organism of the 
family Babesildae, characterised In that the test comprises a nucleic add, said nucleic 
add being at least 70 % homologous to the nucleic acid sequence depicted in SEQ ID 
NO: 1 or 3, or a nucleic acid that Is complementary to said nucleic add, wherein either 
of the nudeic adds have a length of at least 12, preferably 1 5, more preferably 18 
nudeoUdes. 

20. Diagnostic test for the detection of antibodies against an oiiganism of the family 
Babesildae. characterised in that said test comprises a protein according to dalms 
1-3, or an Immunogenic firagment of said protein, or a combination thereof. 

21 . Diagnostic test for the detection of antigenic material from an organism of the family 
Babesildae, characterised In that said test comprises an antibody against a protein 
according to claims 1-3 or an antibody against an Immunogenic fragment of said 
protein, or a combination thereof. 
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Abstract 

The invention relates to Babesia protefns of a 28kDa protein family and to immunogenfc 
fragments of such proteins, to nucleic acids encoding such proteins or fragments, to cDNA 
fragments, recombinant DNA molecules. live recombinant carriers, or host cells 
5 comprising such nucleic acids, to vaccines, to methods for the prepanaGon of such 
vaccines, to the use of such proteins or fragments for the prophylactic or therapeutic 
treatment of an Infection or its clinical signs caused by an organism of the family 
Babesildae, and to diagnostic tests for detection of nucleic add, antibodies or antigens of 
an organism of the family Babesiidae. 
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Figure 1 
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LYVLPNTHKEIiSSIiKlSIKIDBWKKVKASmGTl^ 180 
I,yVIiSITHRBIjSSIjKKKlDBWKECVKASEDGTKVl<2»iro 180 
**** , *********************: .** 8** 5************************* 

LBKIiATVVKKLVSHKDMK!^IimVMKK5fPDRQKKE-^^ 237 
LEKIATVVimiVSHKDMIYIin)A»^^ 240 
********.{******* *•*..**$ .*: -** «***: **t*t**,* ♦ * 
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Figure 2 



A8 MKGFFGllLSIlPVRAVSCTEDEKRDSVVEGATSVEASIiKEQlBWIift^ 60 

BCB WKGFPGIILSIIBVRAVSCTEDEKRDSVVEGATSVEASIiKBQXDWIiABRYSM 60 

34 . 01 MKGPFGIILeilffTOAVSCTEDBKRimnnEGATSVEASIiKEQm 60 

BCA lSKG7FOIXLSXX7VHAVSCrEDBKRDSVVBGATS^7EASI^ 60 

Rcsbin URGFF6XXZi5XXFV5AVSCTEDEKRDSVVBGATSVEASXjKEQID 60 

castres ^owFBxxiiBZXJrnAVBOrEDBVJXDS^^^ 

AS KS3imjBKVKBIjXjKEKAVQlBSI«aM ^20 

BCB KWim>EQVKBLLNBKAVGlESRLIAIAKEFHKI^ 120 

34.01 KWimJBQVKBIjIiIIBKAVGIESRlJiAlTV^ 3^20 

BCA K530em>BK^mELIiNEKAVGIBSRIiI^^ 120 

Robin KWim>BK\7KBLLNEKAVGIESRIjIiAIAKEIT^ 120 

Castres KWimDBQVKBIiLNEKAVQIESRIiIAIAICEPHKLKSV^^ 120 

A8 LYVLBlTHIlELSSLKEmiDEWKKVKASED6TK\n:QH 180 

BCB IiYVLSITHRBIiSSriKEJKIDEWKXVK^ 100 

34.01 LYVLSITHRBIiSaLKITOX^EWKKVKASmGTNVXQKriKDPR TO isO 

BCA LYVLSITHREIiSSIiKllKIDEVmKVraSEDGTKVIO^ 130 

Robin LYVIiSITHRSliSSLKNKIDBWKKVKASEaJGTKVIQP^ IqO 

Casbres J^YVLSITHRBLSSLKKKXDBWKKVKASBDGTKVXOTIKDDRTOT^^ 180 

A8 li2KIiAT\nTOmVSHKDMIYIOT>AMKQNVDKimCE^^ 240 

BCB I'BKIATVVimiVSHimMIYlirojMKQlsnn^ 

34.01 I-EKVATVVNEWSHin^MrYIOTJAMKQNW 239 

BcA LBKIiATVVNEI-VSHKDMXyiNDiUWQ]^ 240 

Robin LEKIJVrVVHELVSHKDMIYIimAMKQIim>K^ 240 

Castres l*EKLATVVlSIELVSHiroMIYXl!inDJU«KQHVDl^^ 239 



A8 GliSVZSLLVAAVAWV 256 

BCB GliSVXSXaZiVAAVAWZi 256 

34.01 GXiSVXSliIiVAAV&VVXi 255 

BCA GLSVXSUiVAAVAWV 256 

Robin OXiSVZSXJCiVaUlVAWV 256 

Castres OIiSVXSIiLVAAVAWL 255 
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Figure 3 

yUTR ^ Met 

3^23 2 ASTCGATACCTCCOAQA&TAOTGTTGTATTAATCCTGTCGCTATTCAC^^ 60 

g 2 8 X AOTCOATACC?rCCaAOi^TAaTCTTGTATTAATCerGTCGCTATTC^^ 6 0 

************************************************************ 

FspeS 



BC28.2 



3^,28 2 cTTCGOAATTATTTTGTCTaTiamOTCGTTCGTGCCGTTAGCTGCACTO 120 

^c2b\x cTTCJQGAATTATTTTGTCCATTATTTTTGTTCG^ 120 

****************** ******** ******************************** 



CUlQGOATAd^CGTCGTCOJU2K3QCGCn^ IBO 
3^2$! 1 AafiGQATAGaTGTCGTCGAGGGCGCTACGTCCOTTGAAGCC^ ISO 

*********************************************************** 



3^28-2 CTGGCTCQerGAACGTTATTCCGCTGACTTGACrAAC^^ 240 

3^,28^1 CTGQCTCGCTGAACGTTATTGCGCTGACTTGACTAACAAAGACACTXCAAAAT^ 240 

************************************************************ 

3^28.2 CGAAGAGCAGGTGAAGQAGCTGTTAAATQAGAAGGCTGTTGGC^ 300 

3^328 \ 1 CQACGAQAAGGTGAAGGAGCTGTTQAATGAGAAGGCTGTTGGCATAGAGTCTCGCCTTCT 300 

*** *** **************** *********************************** 

3C2B.2 TGCCATTGCPrAAGOAGTTCCACaXAATXQAAGTCCGTTCM 360 

3e2Bll TOCXSATTGCTAAGGaUlTTOTAC^^ 360 

*************** ******************************** *********** 

BC28-2 TCCCGCTO^TGTCGCTAACayaGGTQTCACCCGGAGACGCX^ 420 

3,328.1 TCCCQCTCATGTCaCTAACAGGGTGTC3WX:CGGA<3ACGCC^^ 420 

*************************************************** ******** 

or3 w 



BC28.2 TCCTAACACTCACa^GGOAATrGTCIlAGCCTrAAaARTAAGATCGATG^ 480 

3q28!i »rTCTATCS^CTCACAGGGAATTGTCTAGCCTTAAGAATAAiGATC!aATGAATGGSi^^ 480 

* *** ****************************************************** 

BC28.2 CAAGGCATCTGACAATGGCACCAATGTGATCAAAAATATCAAQO 540 

3^28 il CAAGGCSVTCmSAAQATGGCACOUU^TQATCCAAAATATC^ 540 

************ ********** ****** **************************** 

Cons3.1 



BC2B.2 cTGOTTCGTTGCCCATGOAOTC!AAGSTAGW3MAGCTa^CGATO 600 

BC28.1 craGTTCOTTGCCCa^TGl3AWCAAGGTAQCXOA0CTC^^ 600 

********************************************* ************** 

BC28.2 TGCAACSVGTGGTTAAAAAATTOQTGTCU^ 660 

TGOUVCZVGTQGTTAACGAATlGGTCTCCa^^ 660 
*************** ************************ ********* * * *** 

BC28.2 GAAAAAATATTTTGACAGGCAGAAARAGGAGG CTGAAAGATTGACCaVAAAAGGCCQA 717 

Bc28'-1 GAAGCAAAACGTTGATAAATGGACCaVAGGAGQAGTCXGlUU^GATTGGCCATO 720 

*** ** * **** * ** ******* *********** *♦* * *** ** 

Bc2 8 • 2 C3AAGGGTATGTCTGGAGGTAAGTA!rAAGGTGAAAGGTTATGCAGCCCCCrCTACOT 777 

Ba2 8 ! 1 ACAGGGTATATCTGGAGCCAAGGGTA2\GAAGGATGGATTCTCATTCGCCGGT-CTT^ 778 

******* ******* *** **** * * ** * ** * ** * *** * * 
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STOP Rspe3G 

BC28 . 2 GCmMTCSACXJATOCATACAA GTrGau^CTAACAATTAACATTTTGAAGCctQ--TAC 831 

BC2 8 . 1 6TCATatf3CGTTCT TgCTGCCqCX!GXCGCGgTTQTGCT^ B3 8 

* ****** *^ ** ** « « ★* * "^f^ — 5?;; — 

Rspe4 STOP Rspe3C 



BC28.2 
BC28.1 



TCCTCAAX6AGC!rC 845 
TOGXGGGCGTAATQ 852 
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Figure 4 



AB AGTCX3M?ACC2TCC6AGAATiW3TCTTGT2VTTA^ 60 

BcB AGTCGATACCTCCGAGAATAGTCTTATATTAAJrOTTOCCGCTA^ 60 

34.01 AGT<:K3tA!rACCTCCG3W*AATA6TCTTA!rATI^ 60 

Castres AGTCGATACCTCCGAGAATAGTCTTATATTAATCTTGCCGCTATTCAC^ SO 

Robin AGTCGATACCTCCGAGAATAGTCTTQTATTAATCCTOTOTCTATTCa^CAATO 60 

BcA . AGTCG2VrACCTCCGAGAlVrAGTCTTQTATTAATCCTGTCa^^ 60 
A**-*********************** ******** * ********************** 

Fspe3 



Afl cmK!GGAATOAiraTTOTCC^^ 120 

BcB CTTCGGAATTATTTTGTCGATTATTTTTGTTCQTGC^^ 120 

34.01 COTCGQAAOTATTTrOTCCATTATro 120 

CaBtres CTTOGQAZ^^TATTTTCTCCATTATTTTO 120 

Robin CTTCGGAATTATTTTGTCCATT!2k!XTTrT^ 120 

BcA CTTCGGAATTATTlTOTCCATTATTaJTTOTT^ 120 
*********************** ********i********* ******************** 



A0 AAaGGATAGTGTCGTCGAGQGCGCTACGTCCGTTGAAGCCHVGCTrAAJiGGAGCAGATC^^ 180 

BcB AAGGGATAGTGTCGTCGAQGGCGCTACGTCXX3TTQAAGCCfaGCTTAA^ IBO 

34 • 01 AAGGGATACT?GTCGTCaAGGGa3CTACGTCCH3TTGAAGCCAGCTTAAAGGA^ ISO 

Castres AAQGGATAOTGTCGTCGAGGGCGCaaW^GTCCGTTGAAGCCAGCTTAAAGGAG 180 

Robin AAGGGAaa^TGTCGTCGAGGGCSGCTACGTCCGTTGAAGCCAGCTTAJ^ 180 

BcA AAGGGA1^TGTCGTCGAGGGC6CTACGTCCGTTGA2VGCCAGCTT2VA3^ 180 



AB CTGGCXCGCTGBUICGTTATTCCGCI^CTTGAGTAACAAAGA 240 

BcB CTGGCTCGCTGAACGTTATTCCGCTGACinmCTAACA^ 240 

34.01 CTGGCTCQenSAAOQTTATTCO^ 240 

CasbreB CTGGCTCGCTGAAGGTTATTCCQCTOACTl^GAGT^ 240 

Robin CTGGCTCQCTa2U^l!a^^^ 240 

BcA ' GTOGCTCGCTGAAOmrATTCOGCTQAOTTOACT^ 240 
*********** *******************************«******'*** ******** 

AB CGACGAGAAGGTGAAGQAGCnJOTTGAATGAGAAGGCTGTTGGC^^ 30O 

BcB CQACGAGCAGGTGAAGaAGCTGTTGAATG]W3AAGGCM 300 

34.01 CAACaAGCAQQTGAAGQAACTOTTGAATQAGAAGGCTGTTG 30O 

Castres CGACGAGGAQGTGAAGGAGCTGTTGAAaxaAaAAGGCTGTTGGCAXAGAGTCr 300 

Robin CGACGAGAAGGTaAAGGAGCTGTTGAATGAGAAGGCTGTTaGCATAGAaTCTCGCCTTCT 300 

BcA CGACGAGAAGGTGAAGQAGCTGTTGAATGAQAAGGCTGTTGGCavrAGAGTCTCGCC^^ 300 
* **«ifc* ********** ***************************************** 

A8 TGCCATTGCTAAGGAATTCa^CAAATTGAAGTCCWTTCTGTGC^ 360 

BcB TGCGATTGCTAAGGAATTCCyv<aUiATTOAAGTCCGTTCTGT6Ca^^ 360 

34 . 01 TGCCATraCTAAGGftGTTCCACayUlTXGAAGTCCGT^ 360 

Castres TGCCATT6CTAAGGAGTTCCACAAATTG2U^T^ 360 

Robin TGCOMTOCTAAGGAATTCCACaAATTmAGTC 360 

BcA TGCCATTGCTnU^GAAOrTCCrU^^ 360 



A8 TCCCGCTCATGTCGCTAACAGGQTGTCACCCGQAGAC!GCCATCTC 420 

BcB TCCCGCTCUVTGTCGCTAACavGQGTGTCUiCCCGGAGACGCCa^TCTCCy^ 420 

34,01 TCCCGCTCATGTCGCTAACAGGGTGTCACCCGGAGACGCCATCTCCaTGCn^ 420 

Castres TCCCGCTCATGTCKSCrAACAGGQTGTCACCCGQAGATGCCATCTCCAaX^ 420 

Robin TCCCGCTCATGTCGCTAACAGGGTGTCACCCGQAGACGCCATCTCCATGCTCTACGTGCT 420 

BcA TGCCGCTCATGTCGCnaAjCaVGGGTGTCACCCGGAGACGCCATCTC^ 420 
*********************«>*it*«*««******* ************** ******** 
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BOB TTCXATCaCTCaC»fl<3QaATTGTCPAGCCTTAA(H^ JgJ 

34.01 TTCTATCACTCACaGGGAA!]^TCaAQCCTTAAGaATAAGATCOATGA^ 480 

Hbbia ^CTATCa^CTCACRGGGAATTGTClSUKrarTAAGAATiU^ JfJ 




Hobia OaatSCUUiAACGTTQATAAiVrGGACCAAGGAGGaaTrT'raaafiT.n.r^ Z" 




^^^'^^^T^^^^AGOiAAGGGXiaaaRAaGATO^^ !!J 

34.01 fy^GGGTATATCTGQAGCAARGQOTWVaaaGQATOGRTTCTCATTS^ Z?? 

Robin fta«MGTATATCXGaaacCAAQG«]MiQAAaQATGGATT^^ III 

****************** 




AB 

Bob 

34.01 

Castres 



10/07 '03 22:40 FAX +31 485 585287 INTERVET PATENT DBPT EPO RYSWYK @|069 

069 10.07.2003 22:38:53 



7/17 



RspeSC 



A8 GTGC3GCGTAATG B52 

BcB GTGGGCGTAATG 852 

34.01 GTGGGCGTAATG 849 

Gas tree GTGGGCGTAATG 849 

Robin GTGGGCGTAATG 852 

BcA GTGGGCGTAATG 852 
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Cons3.1/R8pe3 Cons3.1/Rspe3 
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II 
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Figure 8 
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Figure 9 
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Figure 10 



SOkDa 

30kDa 
20kDa 
15kDa 




GST-Bc28.2 



® 




10/07 '03 22:44 FAX +31 486 685287 



INIERVET PATENT DBPT -» EPO RYSWYK ®076 

076 10.07.2003 22:42:45 



14/17 



Figure 11 
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Figure 12 
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Figure 14 
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1 

SEQUEKrCB LISTING 

<110> KKZO Nobel KV 
<120> Babesia vacoiaes 
<130> 
<160> 19 

<:170> Patentin version 3.2 

<210> 1 

<211> 852 

<212> SNA. 

<213> Babesia cania 
<220> 

<221> CDS 

<222> (50),.(B20) 

<400> 1 

agtcgatacc tocgagaata gtdttgtatt aatcctgtcg ctattcaca atg aag ggt 58 

Met: iiys Gly 
1 

ttc ttc gga att att ttg tec att att ttt gtt cgt gcc gtt age tgc 106 
Phe Pbe Gly lie He l.eu Ser He He Pbe Val Arg Ala Val Ser Cys 
5 10 15 

act gag gat gag aaa agg gat agt gtc gtc gag ggc get acg tec gtt 154 
Thr Gltt Asp Qlu lays Arg Asp Ser Val Val Glu Gly Ala iStir Ser val 
20 25 30 35 



gaa gcc age tta aag gag cag ate gac tgg etc get gaa cgt tat tec 
Glu Ala Ser Leu Lys Glu Gin He Asp Trp Leu Ala Qlu Arg Tyr Ser 
40 45 50 



202 



get gac ttg act aac aaa gac act tea aaa tgg aat ace gac gag aag 250 
Ala Asp Leu Thr Aan Lys Asp Thx Ser Lys Txp Asn Thr Asp Glu Lys 
55 50 65 

gtg aag gag ctg ttg aat gag aag get gtt ggc ata gag tct cge ctt 298 
val Lys Glu Leu Leu Asn Qlu Lya Ala Val Gly He Qlu Ser Arg Leu 
70 75 80 

ctt gcc att get aag gaa ttc cac aaa ttg aag tee gtt ctg tgc acc 346 
Leu Ala He Ala Lys Glu Phe Hie Lys Leu Lys Ser VtaX Leu Cfys Tbx 
85 90 95 

ggc gtc aac gaa act ccc get cat gtc get aac agg gtg tea ecc gga 394 
Gly val Asn Glu Tbr pro Ala His Val Ala Asn Arg Val Ser Pro Gly 
100 lOS 110 H5 

gac gcc ate tec atg etc tac gtg ctt tct ate act cac agg gaa ttg 442 
Asp Ala .He ser Met Leu Tyr Val Leu Ser He Tbr His Arg Qlu Leu 
120 125 "0 



tct age ctt aag aat aag ate gat gaa tgg aag aag gtc aag gca tct 
Ser Ser Leu Lys Asn Lys He Asp Glu Trp Lys Lys Val Lys Ala Ser 



490 
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135 140 145 

gaa gat ggc acc aaa gtg ate caa aat ate aag gac gac agg act aac 538 
Glu Asp Gly Thr Lys Val lie Glxi Asn He Lye Aap Asp Arg Thr Asn 
150 155 160 

acc tgg ttc gtt gcc cat gga ttc aag gta got gag etc aac gat gtc 586 
Thr Trp Phe Val Ala His Gly Phe Lys Val Ala Glu lieu Asn Asp Val 
165 170 175 

acc ctt gag aaa ctt gca aca gtg gtt aac gaa ttg gtg tec cac aaa 634 
Thr Leu Glu Lys Leu Ala Thr Val Val Asn Glu Leu Val Ser His Lys 
laO 185 190 195 

gat atg att tae att aac gac get atg aag caa aac gtt gat aaa tgg 682 
Asp Met He Tyr lie Asn Asp Ala Met Lye Gin Asn Val Asp Lys Trp 
200 205 210 

acc aag gag gag tct gaa aga ttg gcc atg atg get gaa cag ggt ata 730 
Thr Lys Glu Glu Ser Glu Arg Leu Ala Met Met Ala Glu Gin Gly He 
215 220 225 

tct gga gcc aag ggt aag aag gat gga ttc tea ttc gcc ggt ctt agt 778 
Ser Gly Ala Lys Gly Lys Lys Asp Gly Phe Ser Phe Ala Gly Leu Ser 
230 . 235 240 

gtc ate age ctt ctt gtt gcc gcc gtc gcg gtt gtg gtc taa 820 
Val He Ser Leu Leu Val Ala Ala Val Ala Val Val Val 
245 250 255 

gaggttaagg atgactattt gtgggcgtaa tg 352 



<210> 2 
<211> 256 
<212> PRT 

<213> Babesia, canis . .... . 

<400> 2 

Met Lys Gly Phe Phe Gly He He Leu Ser He He Phe Val Arg Ala 
15 10 IS 



Val ser Cya Thr Glu Asp Glu Lys Arg Asp Ser Val Val Glu Gly Ala 
20 25 30 



Thr Ser Val Glu Ala Ser Leu Lys Glu Oln He Asp Trp Leu Ala Glu 
35 40 45 



Arg Tyr Ser Ala Asp Leu Thr Asn Lys Asp Thr Ser Lys Trp Asn Thr 

50 55 60 



Asp Glu Lys Val Lys Glu Leu Leu Asn Glu Lys Ala Val Gly He Glu 
€5 70 75 90 



Ser Arg Leu Leu Ala He Ala Lys Glu Phe His Lys Leu Lys Ser Val 
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85 



$0 95 



Leu Cys Thr Gly Val Asn Glu Thr Pro Ala His Val Ala Aen Arg Val 
100 105 110 

Ser Pro Gly Asp 2Vla He Ser Met Leu Tyr Val lieu Ser He Tlhr His 
lis "0 125 

Arg Glu Leu Ser Ser Leu Lys Asn Lys He Asp Glu Trp Lys Lys Val 
130 135 140 

LYS Ala ser Glu Asp Gly Thr Lys Val He Glu Asn He Lys Asp Asp 
145 150 155 160 

Arg Tlir Asn lair Trp Phe Val Ala His Gly Phe Lys Val Ala Glu Leu 
165 170 175 

Asa ASP Val Ota Leu Glu Lys Leu Ala Thr Val Val Asn Glu Leu Val 
180 1*85 190 

Ser His Lys Asp Met He Tyr He Asn Asp Ala Met Lys Gin Asn Val 
195 200 205 

Asp Lys Trp Thr Lys Glu Glu Ser Glu Arg Leu Ala Met Met Ala Glu 
210 215 220 

Gin Gly He Ser Gly Ala Lys Gly Lys Lys Asp Gly Phe Ser Phe Ala 
225 230 235 240 

Gly Leu Ser Val He Ser Leu Leu Val Ala Ala Val Ala Val Val Val 
245 250 255 



<210> 3 

<211> 845 

<212> DHA 

<213> Babesia canis 



<220> 

<:221> CDS 

<222> (2) . . (784) 

<400> 3 

a gtc gat acc tec gag aat agt ctt gta tta ate ctg teg eta ttc aca 
Val Asp Thr Ser Glu Asn Ser Leu Val Leu He Leu Ser Leu Phe Thr 
1 5 10 15 



49 



atg aag ggt tte ttc gga att att ttg tct att att ttc gtt cgt gcc 97 
Met Lys Gly Phe Phe Gly He He Leu Ser He He Phe Val Arg Ala 
20 25 30 



1 
I 
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gtt age tgc act gag gat gag aac agg gat agt gtc gtc gag gga get 145 
Val Ser Cys Thr Glu Asp Glu Am Arg Asp Ser Val Val Glu Qly iQa 
35 40 • 45 

acg tec gtt gaa gcc age tta aag gag cag ate gac tgg etc get gaa 1S3 
Thr Ser Val Glu Ala Ser Leu Lys Glu Gin lie Asp Trp Leu Ala Glu 
50 55 60 

cgt tat tec get gac ttg act aac aaa gac act tea aaa tgg aat ace 241 
Arg Tyr Ser Ala Asp Leu Thr Asn Lys Asp Thr Ser Lys Trp Asn Thr 
fiS 70 75 gQ 

gaa gag cag gtg aag gag otg ttg aat gag aag get gtt ggc at a gag 289 
Glu Glu Gin Val Lys Glu Leu Leu Asn Glu Lys Ala Val Gly lie Glu 
S5 90 95 

tct ege ctt ctt gcc att get aag gag ttc cac aaa ttg aag tec gtt 337 
Ser Arg Leu Leu Ala lie Ala Lys Glu Phe His Lys Leu Lys Ser Val 
100 105 110 

etg tgc acc ggc gtc aac gaa act ccc get cat gtc get aac agg gtg 335 
Leu Cys Thr Gly Val Asn Glu Thr Pro Ala H±b Val Ala Asn Arg Val 
3.15 120 125 

tea ccc gga gac gcc ate tec atg ctt tac gtg ctt cet aac act cac 433 
ser Pro Gly Asp Ala He Ser Met lieu Tyr Val Leu Pro Aan Thr His 
130 135 140 

agg gaa ttg tct age ctt aag aat aag ate gat gaa tgg aag aag gtc 48X 
Arg Glu Leu Ser Ser Leu Lys Asn Lys He Asp Glu Trp Lys Lys Val 

ISO 155 

aag gca tct gac aat ggc acc aat gtg ate aaa aat ate aag gac gac 529 
Lys Ala Ser Asp Asn Gly Thr Asn Val He x,y& Asn He Lys Asp Asp 
165 170 175 

agg act aac ace tgg ttc gtt gcc cat' gga ttc aag gta get gag etc ' " * S77 
Arg^ Thx Aan Thr Trp Phe Val Ala His Qly Phe Lys Val Ala Glu Leu 
"0 185 190 

aac gat gta acc ctt gag aaa ctt gca aca gtg gtt aaa aaa ttg gtg 62B 
Asn Asp Val Thr Leu Glu Lys Leu Ala Thr Val Val Lys Lys Leu Val 
195 200 205 

tec cac aaa gat atg aaa tac att aac aaa gtt atg aaa aaa tat ttt 673 
ser His Lys Asp Met Lys Tyr He Asn Lys Val Met Lys Lys Tyr Phe 
210 215 220 

gac agg cag aaa aag gag got gaa aga ttg ace aaa aag gcc gag aacx 72 1 

Asp Arg Gin Lys Lys Glu Ala Glu Arg Leu Thr Lys Lys Ala Glu Lys 
225 230 235 240 

2?^ t^? t^^ ?P Hca gac ccc tct 769 

Gly Met Ser Gly Gly Lys Tyr Lys V:al Lys Gly Tyr Ala Ala Pro Ser 
245 : 250 255 

^ "^^^ ccatgcatac aagttgcaac taacaattaa cattttgaag 824 
Thr Trp Met Leu ^ " 

260 
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cctgtaatcc tcaatgagct c 



<210> 4 

<2ia> 260 

<212> PRT 

<213> Babesia canls 

<400> 4 

Val Aap Thr Ser Glu Asn Ser Leu Val Leu He Leu Ser Leu Phe Thr 
1 5 10 15 

Met Lye Gly Phe PHe Gly He He Leu Ser He He PUe val Arg Ala 
20 25 30 

Val Ser Cys TUr Glu Asp Glu Aen Arg Asp Ser Val Val Glu Gly Ala 
35 40 45 

Thr ser Val Glu Ala Ser Leu Lys Glu Gin He Aap Trp Leu Ala Glu 
50 55 60 

Arg Tyr Ser Ala Asp Leu Thr Asn Lys Asp Thr Ser Lys Tip Asn Thr 
65 70 75 80 

Glu Glu Gin Val Lys Glu Leu Leu Asn Glu Lys Ala Val Gly He Glu 
65 90 95 

ser Arg Leu Leu Ala He Ala Lys Glu Phe His Lys Leu Lys Ser Val 
100 105 110 

Leu Cys Thr Gly Val Asn Glu Thr Pro Ala His Val Ala Asn Arg Val 
115 120 125 

ser pro Gly Asp Ala He ser Met Leu Tyr Val Leu Pro Asn Thr His 
X30 135 140 

Arg Glu Leu Ser Ser Leu Lys Asn Lys He Asp Glu Trp Lys Lys Val 
145 150 155 160 

Lys Ala Ser Asp Asn Gly Thr Asn Val He Lys Asn He Lys Asp Asp 
165 170 175 

Arg Thr Asn Thr Trp Phe Val Ala His Gly Phe Lys Val Ala Glu Leu 
180 185 190 



845 



Asn Asp Val Thr Leu Glu Lys Leu Ala Thr Val Val Lys Lys Leu Val 
195 200 205 
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Ser His Lys Asp Met LyB Tyr He Asn Zya Val Met hya hya Tyr Phe 
210 215 220 

Asp Arg Gin I*ys Lya Glu Ala Glu Arg leu Tbr Hya lys Ala Qlu hys 

230 235 240 



Gly Met Ser Gly Gly Lys Tyr Iiys Val Lys Gly Tyr Ala Ala Pro Ser 
245 250 255 



Thr Trp Met Iteu 
260 



<210> 5 

<211> 21 

<212> BNA 

<213> Artificial 

<220> 

<2a3> Primer 

<400> 5 

tgatgaagcc ggcaagaagg t 

<210> 6 

<211> 22 

<212> SNA 

<213> Artificial 

<220> 

<223> Primer 

<4dd> 6 " 

tacatgatac cgaattcaat gg 



<210> 7 

<211> 27 

<212> DNA 

<213> Artificial 

<220> 

<223> Primer 

<400> 7 

ttacatcgtt gagctcagct accttga 



<210> 8 

<211> 22 

<212> DMA 

<213> Artificial 

<220> 

<223> Primer 
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<400> 8 

ccatggattc aaggtagctg ag 

<210> 9 

<211> 21 

<212> D13A 

<213> Artificial 

<220> 

<223> Primer 
<400> 9 

agtcgatacc tccgagaata g 
<210> 10 

<211> 24 

<2i2> cirzv 

<213 > Artificial 

<220> 

<223> Primer 
<400> 10 

actgaggatg agaacaggga tagt: 

<210> 11 

<211> 21 

<212> Dm 

<213> Artificial 

<220> 

<223> Primer 
<400> 11 

catggattca aggtagctga g 21 

<:210> 12 

<211> 24 

<212> VNA 

<213> Artificial 

<220> 

<223> primer 
<400> 12 

gaooacaacc gcgacggcgg caac 24 

<210> 13 

<211> 21 

<212> DlilA 

<213> Artificial 

<220> 

<223> primer 



<400> 13 
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gagctcattg aggagtacag g 



<210> 14 

<211> 21 

<2i2> msm 

<213> Artificial 
<220> 

<22d> Primer 

<400> 14 

cattacgccc acaaatagte a 



<210> 15 

<211> 33 

<212> Dm. 

<213> Artificial 

<220> 

<223> Primer 
<400> 15 

attttg^tc gtggatccac gtgcactgag gat 



<210> 16 

<211> 27 

<212> QNA 

<213> Artificial 

<220> 

<223> Primer 

<400> 16 

ccacaaatag taaagcttaa cctctaa 



<210> 17 

<211> 30 

<212> DNA 

<213> Artificial 

<220> 

<223> Primer 

<400> 17 

gaatgagaat ccaagcttct 



tacccttggc 



<210> 18 

<211> 23 

<212> SNA 

<213> l^ificial 

<220> 

<223> Primer 



<400> 18 

cgactggagc acgaggacac tga 



23 
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<210> 19 

<211> 25 

<212> DNA. 

<213> Artificial 

<22D> 

<223> Primer 



<4Q0> 19 

getgtcaacg atacgccacg taacg 



25 
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